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FOR THIRD EDITION 


Tiik giant strities made* in all forms of essential irKitisl 
ism during the Cireat War did not neglect the electric furt: 
Indeed, it fare<l better than even the optimists did hope. 1 
taken togetlier with the practical uniformly gtHxl steel n 
in them by experienceil mvu, heat after lK*at, Itas placed 
iiulustry on a nutre snlitl and dignified footing. Added 
dentt* of this is the one thousand ehn-tric furnaces me! 
and rettning stei’l width are either built or building, 
next ten yt'ars will no thtubt witiu'ss more than dtmble 
number of electric furnaies tleseriliod in this vohmu* 
those whicli art* in existence to-day. 

C. 11. VoM IlACf 

Kf.w VtwK C’li'V, tiftrmhtt e*th, tgm. 


PREFACE TO THE SECOND EDITION 
IN ENGLISH 


The belief expressed in the writer’s preface five years ago 
has been well borne out. To-day there are over 212 electric 
furnaces in the iron and steel industry in the United States and 
Canada out of a total of 562. Over half a million tons of electric 
steel are being made annually the world over, and production 
only started less than a score of years ago. 

The average size of furnaces has also steadily increased, 
together with the number of days they are in operation yearly. 
Several newcomers have made their appearance, with the usual 
pain and effort accompanying such creations. Among these it 
is a pleasure to record due credit to M. S. Vincent, who was 
so largely responsible for bringing out the American designed 
Rennerfelt. Cordial thanks are here also acknowledged to 
many friends for valuable information and data, especially to 
E. F. Cone for his cheerful help at all times. 

C. H. VoM Baur. 


New York, September 21st, 1917. 



FREFACM’ IX) 'I'llK (GERMAN EDFEION 


K{.i-X’'rKU’ (uruui'fs aiul tftrir ust* in the nuinufurture of steel 
and iron luive lieen (lfSiTi!>etl in hooks by Htirefiers, Neumann 
Askenasy, un<! others. 'Hietr treatises luive intlter (iescribetl so 
fully the wliole subject of I'lectnMnetallurgy that, only a very 
small space could be allotted to ehrtrh* irim and steel, or el.se, 
a.s in Xeumann’s volume, only a glance is given at the early 
experiments width wen* made when titese furnaces were first 
introdmvd. 

lleiur, thore is noed h>r u Work thorougldy thscrildng electric 
furnatv^. whit h are tlesigned only for the .steel and iron industry. 

for prat tit a! reastms the htuik is divided into tw<» parts, of 
widt h the hrst t!<*als with all tpiestions relative to the construc- 
tion td these elet !ri* furnates, a,ntl the apfiaratus used, while tin; 
other part lakes up the praetual ust* of eleetrie furnaces in tlie 
st{*el mill and all its metallurgical reactitms. 

U'ldle umlertaking this work the authors were etmscious of 
the ditliculty <d tiescribing each type of furnace entirely from 
perstmal tibservidion, lliw ditliculty, Imwever, confnints all 
wdio are Minilarly situatetl, an these electric furnai*e.H have only 
recently Iteen inlrotiuced into the iron tratles and it w |)raetically 
inipsiHsible to kntnv rat'll type from oiieN owm experience. 

As btJlh practical amt theoretical men differ regarding the 
ativantages td these furnatvs ftir Nteel and iron making, it is not 
t«> be expectetl from this bo(»k that any one type id fnrnaei* is 



PREFACE TO THE EDITION IN ENGLISH 


The preparation of this work in English was undertaken 
in the belief that electric furnaces for the iron and steel industry 
would have their greatest future on the North American Conth 
nent. Especially is this true of furnaces making electric steel. 
Specifications are daily becoming stricter for steel rails, steel 
castings, and tool steel. Electric steel rails, costing but little 
more than the ordinary kind, are found to be unbreakable in 
service, when laid beside open hearth and Bessemer rails. In 
these latter, scores of breakages have occurred in one season. 
The future of electric steel rails consequently seems assured. 

Electric steel castings have also been on the market for the 
past four years. They are looked upon with favor alike by the 
foundryman and the customer, not only because the highest 
class of steel may be made from the cheapest raw material, but 
also because of the high percentage of good castings and their 
freedom from blow-holes. 

The ability to make homogeneous tool steel, free from gases, 
and at low cost, brought the electric furnace into commercial use 
over a decade ago. In this field it promises to displace com- 
pletely the old and small crucible pot which has been in use since 
the year 1740. 

With these three principal fields now open to electric furnace 
products, it cannot be long before all other domains in the 
use of steel will be invaded. The cost of producmg electric steel 
is lower now than that of the crucible process, or of the small 
rAnxrArPAr -nrArpcc cinrl pxrpn IpciQ than that of the or>en hearth 
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PREFACE 


The translator gladly takes this opportunity to thank many 
friends for information and assistance. Dr. G. B. WaterhousCj 
of Buffalo, kindly gave the benefit of his extended experience in 
connection with the metallurgy of iron and steel as set forth in 
Part II of this book. To Mr. A. H. Strong, of New York, special 
thanks are due for valuable aid rendered in the various chapters 
on induction furnaces. Mr. Magnus Unger, of the transformer 
and furnace department of the General Electric Company, very 
kindl}^ read the proofs of many chapters of Part I. No one has 
had a larger or more successful experience, in building trans- 
formers and furnaces than Mr. Unger. Finally, thanks are due 
to Dr. D. A. Lyon for much new material added, mainly to the 
chapters on electric pig-iron furnaces. 

C. H. VOM BAUR. 

New York, September jth, 1912. 



PREFACE TO PART I 


The realm of Steel and Iron manufacture has in the past ten 
years had a new world of possibilities opened to it by the intro- 
duction of the electric furnace. Before finding a commercial 
foothold among ironmasters, it was in use making ferro alloys. 
Even earlier than this the electric furnace was manufacturing 
aluminum and calcium carbide. 

It has been the aim of the present publication on Electric 
Steel and Iron Furnaces to produce a book for the practical man; 
a comprehensive manual of practical information, yet one ex- 
plaining the electric laws and phenomena involved, and the 
scientific principles upon which the work rests. The under- 
standing of these electrical laws is practically necessary, for in 
electric furnace literature we constantly find assertions con- 
tradicting the simplest of them. The authors also hope in this 
manner to render the book of service to the general student of 
this branch of Electro- Chemical Engineering, and to state 
especially the principal laws which the construction and operation 
of electric furnaces entail, without giving long mathematical 
discussions. Short arithmetical examples nevertheless are given 
dealing with actual furnace problems. Care has been taken to 
mention only those things which have some value in the develop- 
ment of Electric Steel and Iron furnaces, rather than to dwell 
upon theories of little moment. The furnaces most extensively 
used, such as those of Stassano, Heroult, Girod, Kjellin, and 
Rbchling-Rodenhauser are described in detail, and compared 
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xii 

which have not yet left the experimental stage, and finall} 
electric shaft furnace is described at length. 

The discussions are accompanied by a large number of 
and reproductions. 

The demands of actual practise have always been give: 
greatest consideration. Accordingly, the latest results obt: 
from good trials with electrodes in arc furnaces are mention* 
are others of the same order. This volume should, therefo: 
a welcome adviser to the furnace builder, the student, and ir 
to anybody who is interested in electric furnaces for the 
duction of steel and iron. 

The authors have written in the hope that these page: 
aid in the further expansion and success of the electric iror 
steel trade. 

Wm. Rodenhaus] 

VOLKLINGEN, SaAR, I9II. 
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INDKX TO ABBRl'.VlA'riONS IJSl'.D 1 
PART ONI'. 


A = Work or ICaprgy. 

Cos <l) = Power factor. 

IC " Potential per phase. 

e 1‘otential in volts PtTective value for A. C. 
e Maxinuuu value of potential, 
c' -■ Instantaneou.-i value of pot<*nlial. 

CL Potential to overcome the self-induction. 

Cr " Potential to overcome the ohmic resistance. 

I -a Current per phasis 

i ^ Current iu amperes Ptlectivc value for A. C. 
if aa Watt component of current, 
iu, H3 wattless coinponent of current. 

Ht*a( conduetivity. 

KVA « Kilovolt-amperes. 

KW Kilowatt. 

KW Hr »» Kilowatt lunirs. 
mm St.dKinduction. 

1 aa Length of a etnuluctor in metres, 
m Angular vekKniy. 

N «“ Flux. 
j> « Power. 

p' » Instantaneous value iif power, 

C> » luiergy in heat units, 
q B» Section in .»«iuare nultiinelre!i, ^ 

r «» Hchistance in ohms. 

8 i» I'uriw. 

T » 'rime of a cycle, 
t » Tinie. 

VA Volt ami>€‘re?«. 

J «8 .JL «* Current density r»er fwinare millimetre. 

V MS Cycles jMtr mamd. 

P m SiXJidftc resistance jwr I metre length and I iquare mil 
iection. 



PART I 


ELECTRIC FURNACES 

Their Theory, Construction and Criticisms 




ELECTRIC FURNAC 

IN THE IRON AND STEEL INI 


l^art One 

( llArrVsli I 

HISTORICAL REVIEW 

Crkai* in(cn*st is DMla)’ maiiitVstini in cknln 
prodiulion. N«>t only an* tin* ditTorcnt iron aj 
installini^ rlcftrii iurtnut's i>r ( iHisi<i(‘rin|? thnir ; 
nnlarj^rnirnts hoi tnm* a good invostinont, Imt polit 
an* ;dso laroful!} following tiio progross nnalo i 
stool industr)'. 'Flu* dai!\‘ pross froqiiontly oonta 
the impitrltuu r of tinlrif inm ttmi steel, (’onsido 
and almost iinivorsal intorost shown today in tho i 
must soom astonishing tluit fnit tiftoon yoars 
thought was givon to tlio pruotica! utili/.ation 
furnaoo for produt ing stool. 'Iliis roinarkafdo g 
ing in iho lafjoraltuj sooins t«* justify us in fol 
voli^pmont of tho olot'tric* furimoo, and in trao 
which have math* its ontranco into tlu; groat indi: 

In tho lirst instanoo wo must rloa,rly undt*i 
(‘lootrio furnatws aro naturally afiparatus in v 
onorgy is I'onsurnod ior tin* purposo of transformi 


this period confined in its application to the laboratori( 
scientist. It was only toward the middle of the 19th 
that a strong development started which has its founc 
Faraday’s discovery of induction. 

In 1831 Faraday found that each time he brought 
magnet near to, or moved it away from, a coil of wire, th 
which were separated a very small distance from each 
tiny spark appeared at the point of interruption, 
therefore, that Faraday found that the magnet induces ; 
in the electric conductor (the coil of wire). 

This discovery brought a great light into the darknt 
until then had covered the practical generation of el 
for, hardly a year after Faraday’s discovery, we find 
magnet-electric machine, which was built by Pixii. 
the first form of a dynamo machine, that is, of a machi 
transforms rotary motion into electric energy. In Pi 
chine a coil of wire was arranged in the magnetic field oi 
ordinary horseshoe magnet, in such a way that when 
was rotated, induced currents were produced, as disco 
Faraday. This first machine was soon followed by i 
designs, which, even at this early period of electrical s 
the fifties of the last century, were put to use in suppl) 
in lighthouses on the coasts of France and England. 

The next step forward was accomplished by H. Wild 
in Manchester, by the construction of an electric machii 
magnets were electro-magnets. For these a small 
with ordinary magnets furnished the current. 

A Wilde generator of this type, which required aboi 
for driving the exciting machine and about 15 h. p. for 
dynamo, was able to melt a bar of platinum 6 mm. thi< 
% inch) and 60 cm. (two feet) long. 

The above mentioned electric magnetic machin 
however, despite their considerable power, unable to 
electricity for general uses. An important forward 
still lacking until Werner von Siemens discovered the ' 


{nsroRicAL 


*> 


electric principle,” wiiicli lu* laid l)eft>ri‘ the Bcaiin Aca<}einy on 
January 17, 1807. Aci-onling to (his principle llu* “residual” 
inai^nielisin that rtanains in i*ven the softest iron is sullicient to 
produce an extnnnels weak current h\ which t!u* inaj^netisin 
can Ih‘ stnaiLftluau'd inor<‘ and nu»re. d'lu* employjru'nl of (hi> 
discovery iii tlu* construction t>f dynanuis m>w niadt' it |>ossihle 
to usi' I'lectro inaj^nets instead of tlu' uniinary pennanent niaj^iuis 
hert'tofon* used. and. with this improveinent . we have tlie dynamo 
as it is totlass It is used the world o\‘er, fttllowing the Sumums 
prim ipl<*. 

liut even after Siemens' disi overy t onsklc'rahle time elapsed 
hehn’t' any i^reat cfuuige oci airred in flic (Hd{>ut of lari^e electric 
generattH's. It was the iiuamtitm t>f tin* imainie.sctmt Iam{>, 
first generally known in Buropc through the Paris international 
electric iwhihition in t.SSi, which linmght aluiul this develop- 
ment. i'dectrical power houses in ever increasing numhers and 
si/.es now appcarc'd. and ttnlay we see tliem in nearly every city. 
If W(‘ fmally call to mind tlu* wc-ll known fir.st great power trails 
mission of a current at jo.cxx) volts pressure over a distanct* of 
170 km. ito(t miles), hetWi*en Lauffen anti l'‘rankfurt , ( iermany, 
which was shown to tlu* world in iSqi at the time of the Frank 
furt F.Khihition. wt* timl ourselves In the midst of trenu'ndous 
advances tif eleitrical science. 

If we now turn tt> the liisttiry of the development of tile 
dectrit' furnace itself, we hiul its tirst fratu's at tlu* beginning of 
Jlu* i<)th tfiitury; that is, at the same time in which tlie sole 
means t»f producing electric i urreiits was the ihermopih*. ami at 
which time m» tliouglit of any electrital st ienee e^dstetl. Uie 
tirst tt» tmnsider the praclieal exploitation of elect rlt* energy liy 
eonverling it into Iieat, probably was Davy, who, about 1810, 
during his experiments in the electroly.sis of aluminum oxidi*. e,x 
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The latter projected from the upper side into a la}; 
carried by the platinum plate, which was in connectio 
other pole. When the circuit was established the 
became white hot and melted where it was in contac 
clay. 

A far more perfected arrangement was that of I 
in 1815 welded an iron wire by heating it with an elect] 
Pepys’ apparatus can be looked upon as the first f( 



Fig. I. 


class of electric furnaces today known as resistance fu 
soft iron rod was slotted with a fine saw in the direc 
axis and the slot was filled with diamond dust. Tf 
then wound with wire and heated to red heat for 6 r 
means of an electric battery (Fig. i). An examinai 
iron wire showed that the diamond dust had disapp 
that the iron had changed with the absorption of c; 
this experiment iron was for the first time treated by t' 
tion of electric heat. 

It is interesting to find that in 1843 Wall made tj 
ion that pig iron be treated and converted by electric 
In 1853, 10 years later, we find in a French patent 
Pichon, the first electro-thermic furnace. The patei 
as follows: “economical and application of the elect] 

metallurgy and particularly : 
of iron.” The furnace repr 
Fig. 2 shows the original d 
furnace indirectly heated I 
arcs. Such furnaces are usee 
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that the charge would melt under the influence of the tempera- 
ture of the arc, and collect in the bottom, which in turn was to 
be heated. Pichon’s idea was to build his type of furnace on a 
large scale, this being clearly indicated by the dimensions of the 
electrodes which were to be 3 m. (10 ft.) long and to have a 
cross-section of 60 sq. cm. (9.3 sq. inches). 

It is interesting to observe that Pichon’s suggestion appeared 
exactly at the time in which the first attempts were being made 
to illuminate the sea-coasts by means of electric light supplied 
by permanent magnet-electric dynamos. Electrical science, 
which thus called this furnace into existence, was, however, 
unable to further the realization of Pichon’s daring plans, so 
capable of life as later developments show. The magnet-electric 
machine was by a large margin incapable of furnishing the current 
necessary for the operation of Pichon’s furnace. 

Many different schemes were tried, in the years immediately 
following Pichon, to utilize the electric current in the production 
of iron, but they failed, being in advance of their time. The 
English patents of William von Siemens, of the years 1878 and 
1879, next bring developments in the design of electric furnaces. 
They contain nearly all the important details of the modern arc 
furnaces, and for this reason they will be examined somewhat 
more closely. Siemens used different types of' furnaces. The 
first design consisted of a crucible surrounded by a 
metallic case, through the bottom of which pro- 
jected one pole of an electric circuit. That part 
of the electrode in direct touch with the charge 
was provided with a point of platinum or other 
substance capable of resistance of great heat, in 
order to avoid contaminating the charge. The 
second electrode, which was connected with the 



pia-ccu JLll a icligCl i-iAbC Ul iiictcLi <xiiul 

two filled with charcoal or other poor conductor c 
shown in the design, Fig. 4. 

Siemens finally used a form 
very similar to that of Pichon. 1 
electrodes were inserted in the 
crucible in such a position that the; 
above the top of the charge, ai 
formed between them did not co: 
tact with the material to be mell 
furnace is shown in Fig. 5. With 
succeeded in melting 10 kg. (5 
steel per hour. He also reducec 
and fused metals of high melting point such as platin 
about one-quarter of an hour to liquefy 4 kg. 
the latter substance. Siemens figured theoreticall 
combustion of i kg. of coal under the boilers of i 
electric generating plant would produce i kg. of melt* 
Siemens’ furnaces, in regard to their practical co 
attained a high degree of perfection. They were equ 
automatic devices for adjusting the carbons and to k 
length always the same. He also utilized the directr 
of the electro-magnet in order to obtain 
the best heating effects. AU modern 
constructions of arc furnaces are adapta- 
tions of this original design, differing 
simply in size and form and other minor 
respects. The reason why the Siemens 
furnace failed of successful introduction on a comme 
lies in the fact that current was stiU too expensi 
too much in those days to be of use in melting iron 
furnaces. 

With the suggestions of Siemens, the furnace sub_ 
for the time exhausted. Aside from a long list of u 
patents the ensuing time shows no progress until the 
of the interesting patent of de Laval, of the year 18 
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s!u)\vs this furnait*. 'Flu' lu'arth of a cNiindrifal furiia<f is 
divided into two parts by a hridj^t* cooled witii water. At the 
hottoni of each of the two eornpartments intdal or earlion eU‘e 
trodes tin* inserted an<! eoimeeted witii a stnin'i* of ailenuitin.sj; 
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enrrent. I'he furnace was to !h‘ rhari^et! friJiii the top hv rt* 
moving tlu‘ ('over and first introducing a quantity of molten 
magneti<- oxide of iron. 'Fhe stua eeiling ( fuirges wi*re to fie of 
spongy iron. 

In optaating the furnace it was intended to cover tlie bridge 
with a laytT of oxide or other fusible substance which would ac t 
as a resistaiu'e. Witii an iron retining furnace oxidi/.ed iron was 
to be useci. 'fhe object souglit was to have the* spongy iron 
undergo a refming procccss In falling tlirough the material forming 
the resistance; and this was t!ie purpose for whieh de Laval’s 
furnace was designed. Ik* Laval saw a great future for tliis 
furnace and the eextent of his hope’s c an hc'st be reali/.ed from tlie 
fact that with Noheb in iXc;*;. he laid filans few a power plant of 
some .i|5,ooo h. p., to be used in melting iron by eleetricdty. 
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Another type of resistance furnace, the Taussig. 
1893. longer is a separate liquid resistance re^ 
charge itself, whether metal or ore, forms the resisi 
consequence the furnace takes the shape of a horn 
rather than a vertical one as Fig. 7 shows. This 
remained unused. 

It is evident from the above that in the middle 0 
of the last century there existed a number of desigi 
furnaces, and that the process of heating metal b; 
tricity was well understood. But the iron industr 
refused to take the electric furnace seriously. This 
astonishing considering the pathfinding and succes 
ment of the H^roult furnaces of 1887 and 1888 in t 
industry, and the use of the electric furnace in the 
of calcium carbide, in 1894. Both these industries 
attained their full growth when, with the new cer 
the interest of the iron industry in the electric furn 
awaken. The main reasons for this late beginning 0: 
steel and electro-iron industries may be sought, 
high development of the existing process for the 
of steel and iron, which seemed to preclude an 
of cheapening steel; and, second, in the fact 1 
definite was known about the quality of the pr 
electric furnace. 

The first practical constructions of furnaces 
refine iron appeared at the same places where the i 
itself had come into being; that is, places havi: 
water-power. Here the electric furnaces could ( 
current for experimental purposes. This lea 
point of the development which produced the pres( 
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went many roust alterations as a result tif e'xiH'rinienls 
made* to obtain a prartiral api>aratus, but his furnarts (.‘ven as 
usi'ii today art' bast'd tiu' old priufijdt' of ht'atiuj;'. 

'I'lif next nu*st iiuptu'tant type t>f furnaet' usetl ttulay, the 
Heroult, ap|H'ureil in Iht' yt'urs i.Stjt) am! it)oo, aiid almost at the 
saint' time Kjt'Uin with his induetiou furnaee sueeeetlt'ti in pro- 
tlueinj^ an a[)paratus tif praetiea! use in the iron industry. 

All Ihtse three furnaet's vvt're operatt'd by fleet rieity geueratt'tl 
by means <»f water power. 'I he Stassano in uppt'r Italy, tiie 
Heroult in Saxoy. ami the Kjellin in Swedt'u. anti tht'ir praetieal 
sueeess, hrst tlrew Iht' interest of the iron imlustry. An imptir 
taut etuitributinjf fatior also was a rt'ptu't by Dr. Huanel, t'hief 
of a eominission tjf experts st'iit by iht' ('anadian (Joverninent to 
I'hirojH' tt» stmly the t'leetris furnaee. 

'Fhis rt'port lirst bitnight tti^^elher the tlilferent e-xisting 
types tif furnat t's am! ettnsidered them in tlu'ir rt'iation tti each 
other. 'The plants of Ds singe, Kortldrs. La Lra/., 'Furin, and 
Livi't wt're insfiet ted, am! it was foumi that a Rjt'llin furnafe in 
(lysingt* proihu t't! a superitir tjualify t»f steel frtun raw matt'rials 
etiusisting t»f t fiarttiul inm am! serap iron. In Ktirtlors, am! 
alst> in La Fra/., tlu* Heroult steel prtufss was in operalitun any 
tlt'sired t|ual!ly <if steel being produeed b}' the method of tirst 
nu'lting St rap and then refining it l>y tlie use of a largt* variety 
t)f slags. 'The Stassano furnat e in 'I'urin was m»t in operation 
at tile time of Ihe t t>nimissit»n*s inspt't tiiiii. In IJvet a furnaee 
by Keller, of a tonstruetltin similar It) that tjf Heroult, was busy 
tnelting iron dirett frtun the ore. 

From tile above it is t'vident that in 1004, the time of the 
( anatlian ('omrnission's ftmr, the eletirt* .steel industry had at- 
tained a ht'allliy existent e. at least where in proximity tt) water- 
powt*r deve!t)pnients. 'rite prinripal himiranee to tlie introtlue- 
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through carbon electrodes, following the method c 
ample) in the aluminum industry, where the electr 
molten mass is desired. He, however, arranged hi: 
that there always remained a layer of slag interposed 
metal and the carbon, thus avoiding contact betwe 

Stassano sought to attain his goal in the reduc 
directly from the ore and only later turned to th 
method. Heroult and Kjellin were the first to regu 
in the business of melting scrap iron in the elect 
And again it is Heroult to whom credit is due for 1 
ment of the art, to the end that from a charge of on 
any desired quality of steel may be obtained by refin 

Improvements in the machinery for general 
currents, especially in the design of gas engines of lar 
had in the mean time opened the way for other cheap 
producing electricity, so that the electro-steel indu; 
longer limited to water-power locations. In 1905 th( 
the first such industry in Germany, in the works 
Lindenberg in Remscheid. The installation consis 
Heroult furnace. 

In the same year the Rochling Iron and Steel W 
a Kjellin furnace and were the first to try the ex 
running an electric furnace in conjunction with £ 
establishment. 

There remains to be mentioned that during thi: 
now much used Girod furnace appeared in a small w; 
the year 1906 was marked by the appearance of tt 
Rodenhauser furnace, of which the following cl 
speak more fully. With the latter there now existed ; 
furnace by means of which (as also with the Hero 
a superior steel of any desired quality could be obta 
charge of any kind of raw material. 


CHAPTER II 


SOME FUNDAMENTAL LAWS AND TERMS OF 
ELECTRICAL ENGINEERING 

Before turning to a discussion of the different types of 
electric furnaces used today, it is necessary to have a clear under- 
standing of some of the fundamental electrical laws and terms, 
for it is only through a knowledge of this, that an electric furnace 
can rightly be judged and a correct picture conceived of the 
occurring phenomena. In order to begin with the most impor- 
tant foundation for all electrical investigations we have first to 
deal with Ohm’s law. This law says; 

^ ^ Drop in potential 

Current = — — r-f 

Resistance 

or if i denotes the current, e the drop in volts and r the resistance — 

. _ e 
r 

The resistance r of a conductor is determined by the equation: 

_ 

where I denotes the length and q the cross-section of the con- 
ductor, while c is a constant depending upon the material. 

It can be shown, for instance, that under the same electrical 
conditions and measurements, a copper conductor will convey 
times the current that an iron conductor will. The reason 
underlying this is that evidently copper conducts electricity 
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f = c— and may now be written : 



The different conductivities are consequently the recip 
values of the specific resistances. 

In order to be able to apply our first law, the “ohmic 
we must clearly establish the electrical units. The cu 
quantity is measured in Amperes, the potential or pressu 
Volts, and the resistance in Ohms. 

Originally the unit of resistance as established by Sie 
consisted of a column of mercury one metre long and oj 
square millimetre cross-section at a temperature of o° centig 
In place of this resistance unit, we have the ohm to-day, v 
equals 1.063 Siemens units and corresponds to a mercury co! 
1.063 of 1 sq. mm. cross-section at 0° C. 

The generally applied resistance unit, the ohm, was establ: 
in such a way that, with a pressure of one volt, and a resist 
of one ohm, a current of one ampere resulted. 

We now know what the dimensions of the mercury co] 
are, and under which conditions it has a resistance of one ( 
and since the resistance of a conductor is, 

I , / is in metres 

r = p — where — ; rpnr-- 

q g in square millimetres 

we may calculate the specific resistance for mercury, whi( 

, 1.063 m. 

^ ^ iJq. mm. ^ = -94073 

In the above description of the resistance unit the tempera 
was always given. This was not done without having an ol 
in view, for the specific resistance of a conductor is not 
dependent on the material, but also on its temperature. T1 
fore, equal conductors at different temperatures have diffe 
r^istances, and consequently with the same voltage they c 
different currents. 
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11u‘ cunditioiis governing liu‘ ailt'ral ions of the spcni! 
rnsislaiK'i' with Lhanj^hng ttanparatun's have h(H‘n fstahlislu't 
by making oxacl mcasurmm'nts witli tlu' dit’lVrt'nt inatt'rials. I 
a, similar wa\' tlu‘ spu'itir rt‘sisfaiu(s wiTt' tk'lrrmimai. 

(\)n('c‘rning tlu' changi's in (cmparaturtL it was show 
that tlu' rnsistanct' of tlu* mrtais ami thnir alloys rost* wit 
iiuTi'asing tcmpfra turns ami in arrordanm with thn followii 
formula: 

ft r., (i f a / Mi /'■) 
where r„ the resistanee at o" 

r, th<' resistanee at /” 

a am! fi are numerieal e<tnsfants, whieh have to be spetaall 
(h'terminet! for <‘at h eomlm tor. 

h'or praetitai purpt>M’s when within moderate temperatui 
dilfereiu'es. it will siiliiee if wa* um‘ the following formula: 

f'f r„ 1 1 I »« /I 

It is well kfutwn that the spedtU resistama* of a metal dt 
pends so mm h on various suleUama*s mixed with it. that aeeurat 
tigures, as the\' are known for tlu* uhstilutely pure nu*tal, ha\ 
praetii'ally tmly a eomjKiratively small value. It is suftieiei 
tlierefoia* to ligure prat tic ally with tlie ftdhwving values: 

XLsfril.it ft 

( , . , . . h'.fi 

Ui.i'.'., Iron, Pl.uiismii, /int * i<f 

( iron, in Sihrj , ami r-iniiJar timn.in Silvrr ailnv-i; 

Mimrl tmi.il . . . , * i fu * i 

( aiimn v.uii 'i Itrtwrfn . . , . uki ami i,(Kk> 

l*he exat t values uf the spet ilk' resistattt es, and the temper:! 


Material 

P at 15° C 

a 

Aluminum 

.03 to . 05 

-I-.0039 

Lead 

.22 

-l-.oo4r 

Iron. 

.10 to .12 

+ .0045 

Copper 

.018 to .019 

+ .0037 

Brass 

.07 to .08 

+ :ooi5 

German Silver 

.15 to .36 

-h . 0002 to . 0004 

Nickel 

•15 

+ • 0037 

Platinum 

.12 to .16 

4- 0024 to .0035 

Silver 

.016 to .018 

+ . 0034 to . 0040 

Steel 

.10 to .25 

•4.0052 

Zinc 

.06 

+ . 0042 

Carbon 

100 to 1000 

— . 0003 to . 0008 


The temperature coefficients in the above table are only 
exactly accurate within comparatively small temperature in- 
tervalsj in fact, are absolutely accurate only within the limits 
of o to 30° C. This is why the temperature coefficient only 
gives an approximate idea of the increase in the specific resist- 
ance. For instance, that which interests us the most is iron, 
with its growing temperatures. Unfortunately exact measure- 
ments of the resistance of iron at high temperatures are extremely 
difficult to make, and this is why we see so many contradictory 
statements concerning these. It is evident that the resistance 
of sohd and also fluid iron varies with its chemical composition. 
To some extent a certain portion of the iron content will include 
gases and slag particles at the beginning of the run, and this 
causes it toffiave a higher resistance than it would have at the 
end of the heat, yet keeping the composition the same. But all 
of these influences are practically negligible; for in the many 
years’ experience of the author in operating electric furnaces, 
there has never been any significant or practically real influence 
of the refining which could be credited to a change in the re- 
sistance of the iron. Thus the above-mentioned causes, which 
could theoretically call forth a change in the resistance, may be 
neglected in practise. We may now use the formulas and values 
which are sufficiently correct for practical purposes, and which 
are obtained by exact measurements for low temperatures. It 
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has hirn i*siablisluHl liiat tlu* spft ilU- rt'sistam‘i‘ nl' oniiiuiry basic' 
bcsscaiuT iron at (ciupfraturt'S from o" to itio ' would (’hanj^o 
according to the following formulas; 

fi( .!S (1 1 5 X ' t 1 X 10 t‘) 

If in accordance with tins formula we* ligun* the* value' of for 
1700“, \vc obtain 

■■ Ji.i^ 

d'his result sccitih somewhat too high, as far as it can be 
Judged with the operating values on hand wlucii were obtained 
by the author, who has had the best results when hguring with 
a mean value of p i.bh when designing eleetric furnacen. 
Gin figvmed accatrding to Neuinanii with a resislanee of iron 
(if .000175 ohm per cubic centimetre, 'I'his would correstumd 
to a spec ilic resistanc e' of ;i 1.75. 'rius ligure also shows that 
the result calculated alnwe for the* .spc'cilic resistance* of iluid 
iron is loo high at i.j.*. In this hook p t.nu will always he 
used as llu* spcTilU' rc'sistance of nudlen iron. ICven though 
tins value canned lay claim to any iheon’tical accuracy, the 
calculations will, however, give results which correspond 
suflic'ienlly with practical operating conditions. 

It was remarked u|K»ri before that carbon, in eontnuUHtinc- 
tiem to the metals, has a negative temperiiture c!t>etheient, so 
that with increasing temperatures the resistance of the carbon 
decreases. l*his phenomenon we have, however, in a much 
more extraordiniiry measure, with the sthcalled ‘‘copcluctora of 
the staamd class.” Under this heading we mean materials, or 
iMKlies, which at ordinary tem|R‘ratures have practically no 
conductivity, or at least so small n one an not to be worthy of 
consideration. With ituTeasing tei[n|M'ratureM these conductors 
of the second class attain steadily bettering conductivities, ho 
that they can eventually be ust*d as conductors direi lly. We 
shall have to deal with ctmductors oi the Hc*cond c laas in detail, 
when dii«*UHsing the various furnace ty|)es. ft ttmy he well 
here to sfreak of the well-known application of a conductor of 
the secoml class, in the hmn of the tUament {»r glower cd the 
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Nernst lamp, which consists of porcelain and magnesia, which 
substances are non-conductors at ordinary temperatures. The 
glower of the Nernst lamp must therefore be warmed up first, 
before it is in any way capable of taking up the lighting current. 
This pre-heating was at first accomplished with the heat of an 
ordinary match, whereas it is to-day done electrically. All 
substances which are used for fire-resisting materials for the 
lining of electric furnaces, are similar in a way to the filament 
of a Nernst lamp, i.e., all constructional material for the hearth 
or roof becomes a more or less good conductor, at the high tem- 
peratures which are prevalent in electric furnaces, and this is, 
of course, taken into consideration in their construction, as will 
be made evident later on. 

The constructional material used most, for the lining of 
electric furnaces, is dolomite or magnesite, aside from the pro- 
tecting brickwork used as a backing, and aside from the roof 
material. This material is mixed with tar and pressed into 
bricks, which are later on used in the furnace hearth, or it is 
directly tamped into the furnace. The furnace walls produced 
in this way have a small conductivity in their cold state, so that 
in such a case they may be regarded as non-conductors. They 
lose their resistance with increasing temperatures very fast, as 
is' shown in 'Fig. 9, which shows the results of an investigation, in 
graphic form, of the resistance measurements of magnesite and 
tar rods, in relation to the temperature. The curve shows 
plainly how the specific resistance suddenly falls. This is desig- 
nated by p,in the figure. It also gives a characteristic picture 
of the conductivity conditions, as they appear with conductors 
of the second class. We will recur to this matter again in due 
course. 

As we have aheady dealt with the prime laws of all electrical 
calculations, we will now deal briefly with the possibilities of 
different connections. This leads us to the series and parallel 
connections. Both connections will again be met in the detailed 
description of electric furnaces. As both have their advantages 
and disadvantages, it seems well that the prime difference be 
clearly stated. 
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't‘ will tlu’iTfort' a^ain rt'cur to Ilia analogy hflwtrn t'lot'- 
y and water. Let supjU)se we liad a waUn* power of 

high fall hut of eoinparatively very littU* wtiter, aiul that 
al wa((‘r wheels wen* to la* <lri\'<*n wi(h i(. If the wlu-els 
1 l)e operated at any plaee it wt)ulti be best, with the small 



>\inl of water availalile, that it he used ^ne ami again, or 
■iiige like in series, through the tliiTerej^%heels. Thtit in to 
, the water-wheels rouhl l»e arrartg(^^it diO'erent elevatiotiH 
he fall, and iluts by divirling Ih^^essure mi equal amount 
vater could be used tc» drive e*^ wheel. The snudl amount 
vater is similar t«» a small cur^nt, the high fall or great dilTer- 
t*- in pressure is similar tt>--^fhigh voltage. In such a ease if 
rurrenl present l atj be usetl hi the electric apparatus Inslullctl, 
otdy a iHirlion of the prevalent voltage is required, then the 
JiiratUH utili/.ing the current can In* nuule. that it only 
icirbs a tairiion of tlie voltage. In this cane, therefore, the same 
rent and same anqierage flows through the varir)us apparaliiH 
rig it, and we constH|uently stieak of a “series connection.” 
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We may, however, also conceive of a case where a water-fall 
consists of a considerable quantity of water, but has only a small 
pressure. A well-known case is on the Mississippi River at 
Keokuk, where eventually 230,000 HP, at 25 cycles, 3-phase 
current will be generated. Here it would be practically im- 
possible to use this immense volume of water in one turbine. 
We are therefore obliged to separate these large volumes of water 
where each part materially has the same fall, between the intake 
and the tail-race. We have here then a case where several 
turbines are arranged next to each other. This case also has 
its simile in electrical engineering, the best known case being 
perhaps the ordinary incandescent lamp, where the circuit is 
also so arranged that only a small part of the main current 
flows through each lamp, at the same voltage for each. There 
may be any number of lamps next to each other, or as we say, 
they receive their current in parallel. 

Both cases are used in electric-furnace constructions. The 
I'Kroult furnace is an example of a scries connection, while the 
Girod furnace employs a parallel connection. 

These furnaces arc described later on, but a few words here 
concerning their method of connections will not be amiss. 
Figure 10 shows the schematic wiring diagram of a H6roult 
furnace, while Fig. it shows the main features of the connection 
in a Girod furnace. It is evident, that in Fig. 10, the current 
would flow through first one and then the other conductor, 
whereas in Fig. 11 the two points of the circuit are connected 
together by means of two conductors connected in parallel. Of 
course Ohm’s law is applicable in both cases. Accordingly with 
a resistance of r in the conductor and .having a voltage c between 

c • 

its terminals, we would have a current of f == y amperes. If 

the voltage e, in Fig. n, is prevalent between the i)oints A and 
B, Ohm’s law will, of course, hold for each parallel connected 
conductor. 

Suppose that between the points A and B, we have the 
voltage e and between these points we also have the resistances 
ri mid /'2, the resultant current being d and d, respectively. 
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'riu’ii ill a sinuiur way us with tlu‘ vratfr-wluu’ls, the main curiauK 
will be ecjiiul Id the sum of its parts, /.<•., / i\ f /.> \\‘e there- 

fore have the first of Kinhhojrs laws: “. 1 / vtidi point of 
division the sum of alt the incoming eurrents equnis the sum of nil 
the outttoing eurrents, or at eaeh point of division the sum of nil 
eurrents equals zero." With this it is assumed that the iuromiuf' 
eurrents are reganled as positive aiul the outgoing as negative 
currents. 



Fm. iti. I’in. II. 


0 e 

From Fig. it it fallows that* ii » '--and I 3 » * 1 , n 

and e ^ 4 r^. From this it follows that 4 X ft ® k X rs or we 
have the pro|Mirtion idu, currents whkh Jkw 

puralki to em k other mry msersHy as the reslstanees of (he pardkl 
cmmeckd eonduciors." 

We will now investigate how large the comhirieil resistance 
becomes, 4f., the resistance which in there, when both the 
parallel connecletl conduclors ri futd h are op|KJ»t*tl to the current 
flowing. 

In order to answer this question, suppose the two tiarallel 
conntTttHi conductors to Iw repkccal by a single conductor, 
having the same combined resistance r. Hiis would not change 
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the current conditions, and with the voltage e between A and B 
remaining the same, we would also have the total current i 

remaining, so that, i = — as before. 

As demonstrated before i = + 1%. If we substitute for 

these current volumes their corresponding voltage and resist- 
ance equivalents we have; 



consequently 



e 



This gives the size of the combined resistance. 



n X f2 

fx + f2 


In the same way this rule also holds for n parallel connected 
circuits. Designating the combined resistances again by f, we 
have, 

JL = JL + _L + T,+ . i. 

r Yx ' n' 

As the reciprocal of the resistance is designated as the conduc- 
tivity, we may define this equation by; 

^^The conductivity of a combination of conductors is equal to 
the sum of the conductivities of the single conductors.''^ 

If the n conductors are equal to each other, then 

r Tx ft Tx '''' Tx Tx n 

i.e.^ ^^The combined resistance, of n parallel connected resist- 
ances, equal to each other, is equal to -the nth part of any single 
resistance." 

In accordance with the above, it is now possible to give an 
arithmetical example of electric-circuit conditions, as they are 
often found with electric furnaces. 



1'lu' rirruit is to consist (»f two cnrhon l)locks nv elect njtlcs 
ill loiK'h with a coniiciMin^ iron Mock. 'I'lic carbons and ilu’ iota 
ina\’ have ct{ual cro.ss sections, and tna\‘ be roiiint of.say, nan. 
diameter (alunit 14 inches). 'I'lie length of each carbon block 
is to i)e 1. 5 metres (about Cio inches), and the length of the iron 
block i metre (about .jO iiu‘hes). 

In calculating the resistance of each part of the circuit we 

know that r X , In glancing at Mg. 12. we may take llie 

circuit as I'onsisting of two eijual parts, winch are coiuiected in 
series in the lirsl i)hu'e, ami in parallel in the second case. 'Fhe 
resistaiue r\ as shown l>y the Itgure, is composed of the resist- 
ance r,. of the carbon block, ami the resistance r/,v or half of the 
iron block. 

('on.s«'([iienl ly, 

I, i.S 

r, ^5(y « 

(Here the averagt* value for /v is taken frtau 
the table on pag{‘ n). where the spechic re.sis- 
tun(‘e.s of carbon are givem.) 

/f‘V , 

r/., /V, -H xmoooosi^. ohm. 

f//'V ^ 

Mere the average value for pp, was also takert 
from tlu‘ talde. 

Kven (his short example shows how' very 
snudl Liie irtni resistance is cunjiHired with the 
carbon. For even were tin* carbon and 
iron, in the above example, of ee|ual lengths, the iron resis- 
tance value would have risen to three times the value given 

f ' * but even so the carbon wajuld still have a resistance 

2,500 times as great as tlml t)f iron, and this is etitirely on aet'onnt 
of the extraordinary dilferenees in their spechic resistances. 

'rurning agaitt to the example, wt* tirul that we know tlie re» 
sisUince of the parts of whkh the (u'rcuil is corniHiHeth It is 



Fm. 13. 


r* » 4. ia. .oo77{p572 ohm. 



22 ELECTRIC PURNA('LCS IN THE IKOM AND S’l'KKL INDUSTRY 

In case of a series connection the current would have U' 
traverse this resistance twice, so that this resistance* would In*. 

Vff = 2 / = 2 X .0077Q -- .oi55iS ohm. 

In the second case^ f.c., with a parallel connection, we have* a 
total resistance composed of a combined resistance, consist in 
of two similarly constituted parts, each having a resistance of 

/ = -f- ry.v = .007790572 ohm. 

As the combination resistances are alike and in parallel, we 
have 2 for the above case, or 

r' 

rp — -- = .003895 + ohm. 

It is evident, therefore, with the same conductor under 
the same conditions, but in the first case having been in series, 
and in the other case connected in parallel, that the series 
connection has four times the resistance of the parallel con- 
nection. 

This extraordinarily different resistance of the two connection.^ 
is, of course, not without its influence on the current and voltage 

..... e 

conditions. Tliis is evident from Ohm’s law, where i » and 

r 

the example before us with equal voltages gives us four times 
the current with the parallel connection, as it does with the series 
connection. Or as e « i r, and if we wanted equal currents in 
both cases, we would have to have four times the voltage in the 
case of the series connections, compared to the parallel arrange- 
ment of conductors. 

It may be well to mention here, that the above example 
only holds for arc furnaces, with series or parallel connected 
electrodes, when the electrode measurements are alike, as they 
were assumed to be in the example. 

Whai action is there then, when an electric current flows through 
a conductor? ' It has always been evident in order that the 
current may flow through a conductor that a definite voltage 
was necessary, in order to overcome the resistance. Consequent- 
ly, when an electric current flows through any conductor a 
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cerUiin 'icork is an'i)ni[>lishiHl. which must conu' to Iho surfaa' in 
one form or luiolIuT. In our cast*, wo Ihul work prodiuc’d by 
llu' curront, showin^J!; in the condiudor again as heat. In wlial 
dt'gri'c' this Iwat is dovoloiu'd, is gi\'rn us liy Joule's law. 'Phis 
was c‘slablisht‘d l)y the ICnglish pliysieist joule, and experiment' 
ally determined by him. It is as folUuvs: 

“77/r /wat dtrrlopcd hy n ( urmti through a amdiu tar, 

is dirtrlly proportioiud to the time, proportional to the resislanee 
and proportionat to the s<inare of the eurrentd' ur (I - (' /V/, 
W'herc* 

(> the lu‘at gtm (‘rated 
t tlu‘ time the current is tlowing 
I strength of the current 
r the resistance 

and (' a constant dependent an the units ehosen. 

If the current / is measured in amperes, the potential e in 
volts and the time i in secotnls, then (‘ .44, which has been 

determined by most accurate measurements. 'Pherefure 

.24 i'r t gram c alories or. as according to Ohm’s law 
e i r, we luive 

Q .24 eit gram calories. 

If the heat is to be nu’usured in kilogram calories, it is to hv 
noted that t Kg. c alorie iock> gram c'alories, so that the right 
side of our etiuation is to be divided by tooo. 

If the work prcKhutrd is nut to be exprenstHl in kilopam 
calwries, but in metre kilograms (or the equivalent of the foot lln), 
we tine! that i Kg. cahwie 434. y metre kilograms. If the 
work delivered be designated by A , we have 

. . 24 0it 

^ 4^4-7 .to 10 eit m, kg. 


I 

now.ioiQ 

C).8 1 


/,f., it is ec|ual to 


the reciprcwal of accelera- 


tion, con»quently 
A 


eii 

9.H1 


metre kilograms. 



power, and have chosen /> to denote it, hence, 

e il ... 

/; = ,, metre kilograms. 

■' c),8i 

With electrical measurements we do not desire to deternune 
the effect in kilogram metres, but in wlh X iimpm\ or in short 
voUampers, otherwise known as zeaZ/vV, while the work In jouli's - 
.24 eil, or as eil is measured in wall-scronds, ivall hourK or klh^ 
zvatt-hours, all in accordance with the ineasurenumt of time, 
be it in seconds or hours., and whether the power is to be 
inserted in watts or kilowatts. I'hereby r kilowatt Jtx>o 
watts. 

For the conversion of metric horse- power into watts, the 
iollowing are determining factors: 

I HP metric = 75 kg. m.; as the electric tmwer 
e f . , 

p - o hg. = Cl watt 
^ Q.81 ^ 

i.e., I m. kg. = 9.81 watt, eon.sctiuerUly i IIP 75 m. kg. 

== 75 X 9.81 watt - 736 watts.* 

This gives the relation between the mechanical and electrical 
units. If wc arrange the determined factors in the form of 
a table, we obtain the following: 

dlie heat generated in a conductor by a current b, 

Q ^ .24 eit gram calories , 

= .24 r rt gram calories 
where e is to be inserted in volts 
i is in amperes 
r is in ohms 
I is in seconds. 

The power, or the effect is 

p ^ ei watt or volt amperes 
« f watt. 


^One British HP « 33,000 ft. Ih. jier rninutt* -3746 
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Here I kih)w:il( icx>o watts 

\\\. kjL 


ioi.c)8 

A 

I m. kg. tgiSoD watt 


i..^Da HP 

T m. kg, 

75 srt cauls 


i HP 75^1 watts 75 


m. kg. 


The tk'Iivcn'd work is givi-n hy llu* 

.♦1 f// watt siHxiucls ur jouh's 

i r( wall siH'uiuls ur jouh’S 
Hm' I wult smmd gram adorics t joule 

, toujH m. kg. 

joules 8D4.5 gram caloriea 
5U7.1 m. kg. 
icKK3walt hours 
8f»4.5 kihigrufu eahiries 
5U7 1 14 m. kg, 

- 4.55 gram eulories 
9.806 waU-seeouds, 


i watt hour 
1 kilowatt htmr 

i m.kg. 


CHAPTER III 

EFFECTS OF THE ELECTRIC CURRENT 

The effects of the electric current which interest us most, 
are its heating effects. Let us therefore consider what possi- 
bilities electrical engineering offers for the production of heat. 

I. DIRECT HEATING BY RESISTANCE 

In the foregoing chapter we have seen that when an electric 
current flows through a conductor, heat is developed and the 
quantity produced is 

Q = .24 eit gram calories 
= rt gram calories. 

If we for example force an electric current through an iron 
conductor the temperature of this conductor will increase. The 
heating will therefore be greater and more rapid with increasing 
current and increasing resistance of the iron conductor. Possible 
methods for making this resistance larger become evident from 
a glance at the formula recently mentioned which reads: 

I 

^ ~ ^ 9 . 

An increase of resistance occurs if the cross-section is reduced, 
or if the length of the iron conductor or the liquid metal bath is 
increased. 

The method of heating thus explained may be called direct 
heating by resistance for the heating is affected solely by the 
inherent resistance of the metal to be heated. 

The Taussig furnace, mentioned in Chapter I, is an example 
of an electric furnace built on this principle. 

When we consider that the direct heat by resistance is not 
confined to the metal it is desired to heat and that any such 
method of heating must also naturally cause heat to appear in 
every wire used to conduct the electric current, we encounter 
the first difficulty which operates against a practical utilization 
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of (he (lircft lu’ilt }iy fur the junposf of lu-atiiiK nH*(aI 

l)allis. An iron hath is a comparatively lavtirahlc coiulilion at 

that, for tlu* rcsistanci* bcitiji!; /’ i> tlic specific resistance /> is 

of consitlerahle imporlaiu i* in i n'alin^^ the hi|i;her dej^na* of heat. 
'I his point is, of course, l arefully I'onsulered in electrical eiij^fnieer 
in^ and it is for this reason jirinuin'ly that copjier is used for 
electrical circuits, (’opper hv virtue of its small specific n'sisitiiia' 
ip .otS to .DM)) is one of the best coiulucttirs ftir the transnus- 
sion of heavy currents, for it permits the use of relatively small 
(Tiiss sections without attaining too 
high a temperature. In contrast 
thereto the specific resistance of iron, 
for example (p ,i to . h would be 
the deciding factor from tlu- stand 
])oinl of heat loss, and with ecjual 
cross seclimis for copper and iron we i.i. 

wtmkl have a greater heat in the 
latter in the projuirtion of .t to 
.oiH. 

With epual cross stY I ions for inm 
and eoiiper, and ecpial lengths of the 
conductor, H, iron will attain a consid h’ni. 14. 

erably higher temperature. Kstw- 
cially as its heat will he further 
increasi*d by the fact tluit the metal 
in the heat |)roleetive t'overing of tlie 
electrie furnace will rise to higher 
temperatures by reason of its pus! 
live heat ccH*f!tcient, whieli In turn 
adds to its resbtaruY. Yet tlie fat t 
still remains that the speelfic resistanct* of iron must be placed an 
being very' low. With a system of pure remstance heating ami 
with a resistor of iron, emYcIIngly high current strengths would 
be required to produce the tem|HTatures neetled In electric fur’ 
naces, and the currents would have to be e 3 ccee<Ungly strtmg even 
if the cro8s»sectk)n of its iron resistor should be made very great 
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and the furnace bath cross-section very small in order to 
increase the resistance as much as possible. 

An example will serve to illustrate more clearly the condi- 
tions of this kind of electric furnace employing direct hea.t 
resistance. 

Suppose we assume that by means of pure resistance heating, 
a fluid iron bath of one ton is to be supplied with 200 kw. 
this case the heat would be generated only by the current over- 
coming the resistance of the bath. This is the amount of energy 
with which an electric furnace of i-ton capacity would normally 
be operated. In order to make the iron bath of as large a. 
resistance as possible, the molten iron is to be contained in a 
long channel of the smallest practicable cross-section. A furnace 
of this kind having a long narrow channel has also been patented 
by Gin. Figs. 13, 14 and 15 show views of this furnace, re- 
spectively longitudinal cross-section, vertical cross-section and 
a plan view. We might use this arrangement as an example. 
The size of cross-section has been taken as 10 cm. (4 inches) 
high and 5 cm. (2 inches) wide. This has been done in order 
not to reduce the channel cross-section to such a degree, that 
the furnace would be rendered inoperative. Or if the cross- 
section were made much smaller, the cooling surface would 
become extraordinarily large, and thus cause very large losses. 
This would be entirely independent of the metallurgical difhcul- 
ties which would ensue if any slagging work were attempted in. 
the narrow channels. The size channel chosen therefore would 
still be practically workable. 

The following assumptions are therefore made for this 
example: 

Capacity of furnace 

Energy consumption 

Cross-section of bath 

Specific gravity of molten iron, about. ... 

Specific resistance p of molten iron, about 

From this it follows that: 

TT 1 r . 1000 „ , . 

Volume of iron = = 142.8 cu. decimetres. 


I ton =‘(1,000 Kg.) 

A = 200 kw. 

2= 5,000 sq. m.m. 
7.0 
1.66 
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2i) 

Lcngthof tlu' iron foliurm L (l.c.m. ■ .nS.s" 

•5 

metres - about 94 ft. 

Hence the resistance would be: 

/ , 
r • - p X i .nn X ' .cxKUcuHuu. 

q 5 CXX 3 

As the Joule elTecl /I F r, we have 

I A ' Jtx;K>oo 

' \ . \ -'S’’” 

It is evident therefcjre lluit a very considerable t urrent would 
have to be suf>plied, 'bhis also tneuns large copper ctd>lc‘.s for 
bringing the currcad M* the furnace, as those at inadecjuale cross- 
section would heal uj) loo luuc h. 

d'he following table shows the currents usually pennitled 
in wires and cables: 

AUUh C'AIIKVINt. {'ArAiJIlp-i 

Cift tiUr Mtn. Sl*t | HiiSlsrr ticM-f ffwiiUUnfisi 

l Mil.— IHM IjHh SI j Al»u»rtru 


4ii>ct. 



5UK, 

I«3H 1 . 

Hl.S.I- 




Mmtj. 

4174 ^ ■ 

3^7«4 ■ 


.S3l3«c 

H3rX)4 


10353 H. 

«JKH7. 

M.Wft. 

II 14 SJO, 

|67I4«5, 



fWutxc 

35CMKK* , 

OlfXKHJ. 



^tKKHWK 



47MKK*,, 

7{HH>CW». 

.S-lftSCWC 

Hckkxkc 

tljHlKStl. 

ItKXHWHC 

7«S,}«o. 


U, 

17. 

^4. 

.W. 

4 ft, 

ftS- 

U»7. 

IJ7. 

I5fn 

« 77 . 

JIO. 

375. 

3 .l«- 

.W* 

45*1 

$im. 

550 

ft 5 *» , 


tft. 

XI. 

m. 

* 3 *. 

ISTo 

3 Jti, 

ysfti. 

,|U. 

4 U. 

5iH». 

5 V». 

7Crt», 
K4U , 


JtMKI 
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The above table is for insulated wires, whereas bare conduct- 
ors may carry higher current densities. 

If in the previous example for the i-ton furnace we allow 
a current density of 1.5 amperes per square millimetre (about 
1000 amperes per sq. inch), the secondary conductors leading 
directly to the furnace would have a cross-section of 

= 3065 sq. mm. (about 4.75 sq. inches). 

This would entail .3065 X 10 X 8.9 = 27.28 kg. of copper per 
meter length (or about 19.5 lbs. per foot length). 

Even this value shows that the leads for furnaces of the 
simple resistance type become extraordinarily expensive, and this 
is especially so for furnaces of larger capacities. 

The voltage necessary to force the required current through 
the iron bath of the i-ton furnace is 

e ■= ir 4598 X .00946 = 43.5 volts. 

These give us the entire range of electrical conditions, but 
these must be considered primarily for direct current. When 
operating electric furnaces for alternating current, there would 
be certain deviations, which will not be taken into consideration, 
as direct current gives simpler equations, so that the above 
calculations are quite sufficient for the case before us. 

Considering the above circumstances, we may now estabh'sh 
the following: 

Characteristic marks of electric furnaces having direct resistance 
heating. 

a. Concerning the Electric Characteristics 

As the heating occurs by means of -the current passing 
through, and overcoming the resistance of the iron bath, it is 
entirely uniform at all places. 

Furthermore as the heat generated is proportional to the 
square of the current, the smallest changes in the temperature 
may be brought about by altering the voltage of the furnace. 
Such changes would be absolutely uniform throughout the 
entire bath. In this way by choosing high enough voltages, the 
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highest temperature may be reached. Besides this the following 
may be noted : 

As the iron has a comparatively low specilk' resistance (uily 
at the high temperatures prevalent in Ikpiid iron baths, it follows 
that direct resistance heating may only be accomplished l)y 
applying very heavy currents, t'or the same reason tlu‘ voltages 
required ft)r the operation of Ihesi' furnaces are comparatively 
low. 

The high currents have the di.sadvantagt? of demanding 
expensive cable installations, whereas the low vedtage has the 
advantage of sunt)ler and easier insulation, and tlie advantage 
of eliminating all danger which might befall the furnJice attend- 
ants. 

The high currents can only be decri'used l)y eorre.spondingly 
increasing the voltage and contracting the bath cross-section, 
or by increasing the length of the bath. 

This brings us to: 

b, The Metallurgical Characteristics 

Primarily the good points here aia* the uniform heating, and 
the easy regulation within narrow limits at any tle.sired high 
temperature. 

1'he disadvantages are: 

To obtain good electrieul comlitions it is necessary to use 
long channels having small cross-section which means large 
cooling surfaces. This is equivalent to high thermal losses 
which must be covered by expensive electrical cmergy~*con- 
sequently making the iiower-consumption figures very high. 

It seems that a regular operation of metallurgical process Is 
precluded, as the working with slag and moreover the changing 
of slag would almost offer practically unsurmouiitable ob.stacles 
in the line channels. A uniform composition of the furnace 
contents would hence be unattainable. A kusting duraliility of 
the furnace refractories also seems practically unobtainable, 
considering that the refractory walls lietween the channels are 
attacked from both sides by molten iron. 

This direct resistance furnace, with its channels running to 
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and frOj still fails in spite of several electrical advantages. Prac- 
tical operation has also shown this. For the one furnace of 
Gin built as here described, was an utter failure. Even so, 
we see patent applications today of similar ideas, which are 
to be discarded, as they are bound to be unsuccessful owing to 
the same inherent weaknesses. 

These direct resistance furnaces, as just described can there- 
fore not be considered for practical operation in the iron and 
steel industry. 

2 . INDUCTION HEATING 

If we are able to circumvent the difficulties of leading very 
heavy currents to the iron bath, we may decrease the resistance 
of the bath at will if we can only increase the current strength 
to correspond. This would then allow us to use furnaces with 
large and wide hearths such as the metallurgist must necessarily 
demand. 

The solution of the problem is found in the furnace type 
known as induction furnaces, which may also be called furnaces 
with resistance heating. These have the good points of resist- 
ance heating with the current being caused by induction, without 
bringing with them the disadvantage, just mentioned above, of 
the current having to be led to the furnace with immense con- 
ductors. This is what has enabled these furnaces to attain 
their great practical importance. 

On this account induction furnaces are discussed at length 
in the tenth and following chapters. It suffices to say here, 
that the induction furnace belongs to that group having a type 
of direct resistance heating. 

3. INDIRECT RESISTANCE HEATING 

We shall designate all furnaces as resistance furnaces with 
indirect heating in which the iron itself is not the important 
resisting element but rather some other conductor of very low 
conductivity. 

This conductor, that is the actual heat resisting element, is 
placed into the circuit and heated so that it can give up the heat 
generated in it, to the material to be heated. 
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As wc can now choose for the heat resisting body, a material 
having a very high si)ecific resistance, the extremely lu‘a\'y 
currents are no longer retiuired, which were necessary for the 
direct resistance heating of molten iron. Conseciuently cable 
installation will be less expensive. 

Such furnaces with indirect heating {ire often used in labora- 
tories. We have for instance the type suggeste<l l)y Horch- 
ers. (See Fig. i6.) I'his has carbon blocks or rods of large 
cross-section which serve as ternunals between whic'h a ctirbon 
rod of very small cross-.section is clamped, whic'h servc's as the 
heating resistance or resistor, d'he material to be heated is 
heaped about the small carbon 
rod. Thus while the current is 
flowing, the carbon rod heats the 
desired material indirectly. 

In practic'o we find furnaces 
with similar indirect heating, but 
they are used nudnly for the Fig. i6. 

manufacture of Carborundum, 

Here we fmd that a lamped- 
in mass of powdered eoke acts 
as the heat resisting matiTial. 

Such designs are not used 
in the practical numufaclurc 
of iron, where the cluirge to 
be heated comes in direct con- 
tact with the heating elentent, 
where the latter is usually of 
carbon. For it is well known that iron al>sorl)s carbon readily 
until it is finally saturated with it. It is conseciuently impossi- 
ble to use carbon as the heating element, not only because 
the carbon brings impuritie.s to the iron, but primarily because 
the carbon resistance would be worn away in the shortest lime 
by the iron. In {ilace of carbon we t'ould suggest the 
utilization of a conductor of the .second class as the heating 
element. This could be of the same material as the fur- 
nace lining wliich surrounds the metal bath; such as dolomite 
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or magnesite held together with 8 to lo per cent, anhydrous 
tar as binding material. 

If we were to place such a heating element or resistor in an 
iron bath we would have two parallel circuits for the current. 
In this case a very poor conductor (the heating element) of very 
high resistance would be in parallel with a very good conductor 
of very low resistance (the iron). As the currents in parallel 
circuits are inversely proportional to the resistances practically 
all of the current would flow through the iron while the con- 
ductor of the second class would almost be without curreiit. 

Hence it is established that it is hnpracticable for any iron 
process for furnaces having indirect resistance heating to have the 
heating element in parallel with the iron to he heated. 

Another possibility of indirect heating could be obtained by 
utilizing the walls of a vessel, such as a crucible, by heating it 
with an electric current either directly or indirectly. One of 
the best known of these furnace types is the Herdus laboratory 
furnace, where the heating chamber is composed of a cylindrical 
tube, into which small crucibles may be placed. The tube of 
refractory material is wound with a spiral of platinum wire or 
ribbon, which is placed. in the electrical circuit, and thus its heat 
is transmitted to the furnace chamber. 

Similar methods, however, have been proposed for several 
iron processes, one of these being by Girod. Accordmgly several 
crucibles were placed in retorts composed of fire-brick, the 
bottoms of which were composed of suitable resistances, as 
shown by Fig. 17. In order not to imperil the retort walls by 
the heat, various resistances were used for the bottom material. 
The resistance material itself consisted of carbon and silica. 
With a furnace of this kind utilizing indirect heating, a tempera- 
ture of 1400 to 1700° C. was reached. When the cross-section 
of the heating element was reduced, as shown in the sketch, 
temperatures as high as 2000° C. were attained. 

In these furnaces, which Girod used principally for making 
ferro-alloys, he also melted steel. This necessitated laao Kw.- 
hrs. per ton melted. 

In the above we have an electric furnace which differs only 
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from the ordinary crucible l)y the electrical iicatiug. Iweu if 
these have several advantages, the (Uml crucible Jurnucc still 
has the disadvantages of the small si^.e (d th(‘ common criicihlc, 
the diniculty of obtaining a compkde uniformity from a greater 
number of crucibles, the* high cost of tlu* cnu-ibles. and, compared 
to other furnac'es, a vi'ry higl\ power ctmsumplion. 

All these are reas()ns why these furnaces liave not hnual a 
place in the iron industries. 1’his furnace const ruciion had to 
be mentioned here, in ordin* to give us complete a jiieture as 
possible of the various electrical healing tJossihllities. 



We still have to mention another indirect heating method, 
where the walls of the heating chamber are the heating elements 
themselves, and consequently carry the current. f)ne of these 
designs is the Uelberger furnace. This eonsiHis, as Fig. iH 
shows, of a crucible, which is placed in circuit by means of 
carbon contacts, so that the current passes vertically 
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through the crucible walls. Helberger uses the ordinary carbon 
or graphite crucibles. 

Before using these crucibles they are prepared by a patented 
process which permits the current passage through the crucible 
walls only. These furnaces were originally built only for the 
handling of precious metals. As communicated by the firm of 
Hugo Helberger, the current conduction from the crucible wall to 
the metal contents was made more difficult by removing the 
graphite from the inner surface of 'the crucible. This graphite 
removal is accomplished by blowing air into the red-hot crucible. 
As long as the material is not molten there is no passage of the 
current. As soon as the contents becomes fluid, it gets into 
intimate contact with the red-hot lining, which acts as a Nernst 
filament would, so that some electrical energy also goes through 
the lining and directly through the bath. This action has no 
deleterious influence on the charge, as the metal for which these 
small furnaces are applicable is tapped as soon as it is molten, 
for a refining of the charge is not necessary or desired. 

If these furnaces are to be used in steel works for small 
trial melts, for which they seem excellent, carbon crucibles 
are used which are nearly always lined with a metal oxide from 
.4 to 1.2 inches (10 to 30 mm.) thick. These carbon crucibles, 
so the inventor advises, need only half the voltage of the graphite 
crucibles, a result of this being that the deviation from the normal 
working current is not so great, so that in this way it is possible 
to practically lead the current entirely through the walls of the 
crucible. 

The practical design of this furnace is therefore to be regarded 
as having been well done. The crucible is built together with 
a regulating transformer, as shown by Fig. i8a. The upper 
carbon contact covers the heating chamber at the rim only, so 
that the process going on in the crucible may easily be observed. 
The crucible is protected against radiation by a fire-brick cylinder. 
The clamping arrangements holding the carbon contacts are 
water-cooled. The size of the Helberger furnace is limited on 
account of the difficulty encountered when manufacturing larger 
crucibles. Yet, the manufacturers, The Helberger Co., of 
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Munich, (lennany, stale that furnaces, up tu a capacity of 
300 Kg. (660 lbs.), art' l)eing successfully built to-day. 

4. ARC HEATING 

When counting the various po.ssible U'a}'S of heating we must 
not forget to mention the electric arc for this has found the 
widest application in the iron industry. We will spend nuu'h 
time in the following chapters, therefort', with art* heating and 
arc furnaces. I'hey ;ire mentioned here t)nly ftir the sake of 
comx)lcteness. 

CHEMICAL ACTION 

Besides the ])urely thermal action of the electric current the 
mill man will also be interested in the chemical action which 
takes place when an electric current is i)asse(I through a liquid. 
The best known exanqjle of tiiis is the disassoeiation of water 
into its constituents, oxygen and hydrogen. 'Plus may be 
observed by pa.ssing a direct or continuous current through 
water. In so doing the well known reaction takes x)Iace as 
oxygen is given olT at the positive x^ole and hydrogen at tlu‘ 
negative pole. 

To this belongs also the he.st known electro metallurgical 
application of electrolytic action for the smelting of aluminum. 
According to the method first projiGsed by H6roulL and Hall, 
both in 1H87, the clay is melted by the action of arc heating, and 
simultaneously the molten muss is separated elecLrolytically in 
such a way that the aluminum is freed and collected at the 
negative [lole, whereas at the hanging jiusitive airbon electrode 
the oxygen is .set free, ami, together with the airbon of the 
electrode, escaiies as carbonic acid gas. 

These examples are sufTicient to show how chemical action 
may be brought about by the electric current. In this instance 
it Lh to be observed that this action only occuns when direct 
current flows through the electrolyte to be separated. If on the 
other hand alternating current is used, where the current tlirection 
is constantly changing, then no electrolytic action can take place. 
For supposing we had an apparatus for the dlssodation t)f water, 
which was supplied with alternating instead of continuous current. 
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Then during one moment with the current in one direction, wc 
would obtain oxygen at the electrode, and during the next 
moment with the reversed current direction we would receive 
hydrogen. It is evident, therefore, that electrolytic effects do 
•not arise when alternating current is used. 

From this it also follows that molten iron masses of electric' 
furnaces, through which current passes, arc not subject to any 
chemical action as long as alternating current is used. We 
could in any event, as in the above example, assume a momentary 
chemical action, which however would be reversed in the next 
moment, for even though it appears momentarily, it does not 
come into play as far as the metallurgical process is concerned. 
This assumes that the reversal of the chemical effect is not 
interrupted. 

When using direct current in iron baths, electrolytic action 
naturally occurs, by which iron sulphides and iron phosphides 
may be separated. These suggestions have also found their 
way into the patent office. 

Electrolytic actions may however be positively harmful for 
carrying out metallurgical processes. According to Conrad 
(see Stahl u. Eisen, 1909, p. 796) we obtain a purer product when 
using alternating current for the manufacture of ferro silicon, 
than when using direct current. For when using continuous 
current the impurities of the charge are reduced, such as calcium, 
aluminum and other metals, which then find their way into the 
final product. 

The designers of the electric furnaces for the iron industry 
today use alternating current exclusively, because they fear the 
undesirable influences in the charge due to direct current. It 
may not be out of place to quote the words here of an ardent 
supporter of electric furnaces for the iron and steel trades. We 
quote, therefore, from Prof. Borchers and his address in 1905, a 
translation of which might be called; 

“Electrolytic effects were not sought in most reduction and 
melting tests, whether they endeavored to produce pig iron, or 
make steel, even though these electrolytic effects are nowhere 
entirely eliminated. This was particularly so in the arc proc- 
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esses of earlier periods, where Lesters positively failed, wlieii 
endeavoring to produce irons low in carbon. If for instanei* llu' 
iron to be smelted makes one pole of the are, and earl)on blin-ks 
the other, then the iron al)sorbs etirbon (‘(jually well, whether 
direct or alternuUng current he used. Wi* know that an are 
))etween two carbon ])oles c-arries carbon vapor across from one 
pole to the other. For the eva])orating point of carbon deter 
mines the arc temperature. If one of tlu‘ pok*s consists of iron, 
then the only material remaining for lhi‘ other pole is rarl)on, 
provided direct arc heating is used. In this way the iron will 
gradually become saturated with carbon even with alternat- 
ing current. Though we assume^ tluit the carbon in the arc 
wanders only from tlie anode (positive pole) to the cathode 
(negative pole), it is evident that the carbon separates itself in 
its .solution in such a way. during a eurreiil wave, in going from 
the carbon pole to tlu' iron, that only a small part of it would 
return during the current allenuition.” 

We perceive, therefore, that we must guard against the 
harmful absorption of carbon by .suitable means, when u.sing 
furnace.s operating with carbon eltalrodes, even wluai working 
with alternating current. 

This is accamj)lisht.*d toilay by InteriHjsing a layer of slag 
between the arc and tlie iron, in all furnace.s wliere the arc im- 
pinges directly on the ructal. Idiis .slag is then, to be sure, acted 
upon in a reducing manner by the arc, yet tlu* iron in protected 
from any union with carbon. 

In accordance with the foregtjing, then, we may definitely 
establish that no electrolytic action takes place in the great 
majority of furnaces, which operate exclunively with alternating 
current. 

MOTOR EFFECT 

In the construction and operation of electric furnaces we 
have to take into account the motor effect of the electric current 
as well as the thermal and chemical effect. 

It is just as easy to transform motion into electricity as the 
reverse, as is very evident from the wide application of the 
electric motor. 
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It exceeds the limits of this bot)k to explain motor phe- 
nomenon in detail, still in order to imderstand and u corn'd 

opinion of the possilde and impossible motions of llie molten 
metal in electric furnaces, it appears desirable at least, to discuss 
briefly the reasons for the motion phenomenii. 

It is well known that an ordinary magnet attracts pii'ce of 
iron brought into its vicinity, and that motion is caused 1 >y means 
of this magnetism. It is equally well recognized Umt Itvo nuii^fids, 
like magnetic poles, repel one another; while unlike poles attract 
one another. 

We also apeak of lines of force, which surrouncl tlie space 
near a magnet, and it is to these lines of force issuing; from a 

magnet that we attribute the 
distant magnetic elTect. Sup- 
pose we have two miignets as 
tig. ig shows witli their like 
I)oIes laid next to etich other. 
If we draw the p^o-th of the 
lines of force as sKowu we 
may define the rex)elling action 
of like poles, by sayinp^: 

Lines of force /iciving the 
same direction repel each other; 
those of opposilG direction 
attract each other. 
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Fig. 19. 


We also obtain motion phenomena, therefore, in a-ccordancc 
with this rule, as a result of two magnets acting on each other. 

But we will also have these motion phenomena, if a stationary 
current carrying conductor is brought near an ordinary sustiencled 
magnet. In order to do this we may set up an easily movable 
magnetic needle in its case, and directly above it stretch a wire, 
which may be connected to a source of electricity. As soon as 
the current is switched on, the needle will endeavor to set itself 
at right angles to the wire. The size of the deflection is a direct 
measure of the current passing through the wire. We find that 
the deflecting power decreases as the conductor is moved away 
from the magnet parallel to itself; that the direction of the 
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needle is reversed when the wire is under instead of above the 
needle; and that at every position the deflecting power is pro- 
portional to the current. 

'Fhese phenomena prove that a current carrying wire is 
surrounded by lines of force throughout its whole length, whose 
density is greater in the immediate vicinity of the wire, which 
decreases as the distance from it (the wire) increases. Accord- 
ingly we may imagine the fields of force of a current carrying 
wire about as shown by Fig. 20. It is assumed here that the 
conductor pierces a sheet of paper. On this are drawn the lines 
of force as they would appear when the current flows. The proof 
of these lines of force existing 
concentric to the conductor may 
easily be had, if a glass plate is 
used in place of the paper, which 
is strewn with iron filings. If an 
electric current is then sent 
through the wire, which pierces 
the plate, the iron filings will 
arrange themselves in direction 
and density, in accordance with 
the lines of force. The direction 
of the lines of force may then be 
established in compliance with 
a single rule: If the current 
carrying conductor is grasped in Fig. 20. 

the right hand so that the out- 
stretched thumb indicates the direction of the current, then the lines 
of force will encircle the wire so that they would issue from the ends 
of the remaining fingers. 

If we now return to the first test, in which a movable magnet 
was brought into the magnetic field of an electric conductor, 
then in diverting the magnet we have a motion phenomena, 
pursuant to mechanical power, which appears between electric 
currents and magnets. 

We can now go a step further and replace the second magnet 
by a conductor, through which current flows. Even then certain 
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phenomena will be observable, provided one of the conductors 
carrying current is movable. For until now, we have found that 
the motion phenomena arc the result of magnetic fields which 
mutually affect each other. As we have also seen that cac'h 
conductor carrying current has its own magnetic field, then, in 
accordance with the foregoing, the appearance of mechanical 

power is unavoidable, 
between current carrying 
conductors lying closely 
together. 

Accordingly we may 
immediately determine the 
direction of the motion. 
Suppose we have two con- 
ductors both of which 
carry current going in the same direction, as shown by Fig. 21 
at a and b, here the current would be flowing toward the reader. 
According to the foregoing rule the direction of the lines of force 
is quickly determined and is shown by the arrows. We see, 



Fig. 21. 


a 



Fig. 22. 

therefore, in the space between the two conductors that the 
direction of the lines of force are opposite to each other. As 
the lines of force of opposite direction attract each other, we may 
say relative to the current: ''Currents of like direction attract each 
other and ^‘currents of opposite direction repel each other” 
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From this it follows lluit rrossi'd currt'nts unci tiu'ir con- 
ductors (us shown l)y Fig. cndcuvor to urrungi' Ihcmsi'lvcs 
parallel to each other, and in such a way (hat tiu* current 
ill both flows in the .same diri'ction. 'I'liat is, the moval)k‘ 
conductor c/ tries to a.s.sunu‘ llie sanu* direction as tht' stationary 
conductor b. 

The case is also vc‘ry interesting where one current flows 
vertically to the oilier, as .shown by Fig. UcTe tlu‘ circles or 
dots rejircsent tlu‘ points of the arrows, which indicate the 
direction of the line's of force, while the crosses reprt‘sent the 
ends of the.se arrows. 

As lines of forct' in the ’same direction repel each other, and 
those of oppo.sile diri'ction attract, then the movable conductor 
a will endeavor to move in the direction as shown by the arrow, 



In place of the above .simple case we may throw some light 
on the possible motion phenomena in arc furnaces, which may 
arise due to the electrical conditions which have their electrotle.s 
pointed directly against the bath. 

We may have the etTecl of two or more currents acting 
on each other. In this case one of the conductorH, nanu'ly the 
molten metal, may be regarded as lieing movable, within certain 
limits. For the molten conductor may be mechanically, com- 
paratively easily influenced, even if only within the limits of the 
hearth. 

d'he conditions arc also very similar with induction furnaces, 
excepting that in the place of tlie one solid conductor, we have a 
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coil of many turns. Figs. 24 and 25 show how the lines of force 
act: in the former ease with the turns wound far apart, and 
latterly with the turns wound closely together. It follows, 
therefore, that coils such as these are surrounded by like lines 
of force as common rod magnets would be, and thereby the laws 
are known which govern the motion phenomena between active 





coils and single conductors. 

Aside from the above explanations it still seems desirable 
to mention a very special motion in molten conductors, through 

which current is passing, but 
which only arises in certain 
cases'. This is the so-called 
“pinch effect. 

According to an address by 
Carl Ilering before the Cana- 
dian meeting of the “American 
■70\ ^ ^ Electrochemical Society,” in 

May, 1909, this pinch effect 
24- occurs when a continuous 

or alternating current flows 
through a molten conductor. Then this conductor endeavors 
to contract itself in the line of its cross-section under the 
action of electro-magnetic forces. The contracting force is 
only small, when the current density is low, but grows with in- 
creasing current density (amperes per square millimetre or square 
inch), and can, in extreme cases, become so large, that the cross- 
section at the contracting point may decrease to zero, thereby 
interrupting the current. The contraction primarily occurs at 
such places in the hearth whidi have 
already been contracted owing to occa- 
sional irregularities when tamping the , 
lining material in place. The fluid Fig. 25. 

column of metal conducting current is 
therefore interrupted at the weakest place in its cross-section, 
exactly as a rope breaks at its weakest place. In addition to this, 
there is a depression where the cross-section diminishes, and on 
this slanting fluid conductor, particles of slag and the Hke are apt 
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to follow, which then c'ciuso a further iuert'ast' in the curn'ut 
density, as the conductivity of these impurities is less than that t)f 
the molten metal. Furthermore this would be causc'd at places 
where the cross-section is already weakened, so that thereby the 
actions of the pinch effect would l)e still further increased. 

This course of things, as pictured abt)ve, dcH‘s not take place 
in any deleterious or unpleasant fashion witli electric' furnaces 
as they are used for the most part in the iron industry ioda}*. 
As the jnnch effect only api)ears with comparatively high current 
densities, we find that it does not occur at all in arc furnaces. 
But it causes various motion phenomena with ii\duction furnaces, 
as we shall presently exi)lain. Motion phenomena which ant 
entirely desiral)le and advantageous for the working of melal» 
lurgical proces.ses, may be brought about by artilicially narrowing 
the cross-section of the bath to accomplish the retiuired result. 
These, by their very nature, 
would in no way endanger the 
electrical furnace operation. 

An explanation of the appear- 
ance of the pinch elTc‘ct may be 
had, if we assume that the 
fluid mass is composed of many 
parallel connected conductors, which are all leading like direc- 
tional currents through them. As currents having the same 
direction attract eacli other, the foregoing .sentence is applicable 
here, for in a measure it delines the contracting elTect. 

In electrical furnaces, wht‘rc‘ the pinch elTcct causes motion, 
the lic|uid seems to be driven along a straight line from the 
middle and the centre axis toward the ends, st) that the fluid 
mass is lower in the centre than at either end. The weight of the 
molten metal then causes a flow from the higher lying parts, 
toward the lower mithlle section, as shown by Fig. 26. Here 
the molten conductor is considered to be cut vertically, In the 
line of the horizontally running current. Without going into 
further details, it is evident that the motion clue to the flinch 
effect causes an intensive mixing of the c'harge. Hris occurs as 
long as the correct agitation is maintained within the desired 
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limits, for the motion can only advantageously effect a rapid 
chemical reaction, which is needed between the iron bath and the 
slag. Besides this the quality of the steel can only be bettered 
by the greatest possible uniformity which is brought about by 
this circulation. 
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POWER FACTOR (COS 0) AND ALTERNATING CURRENT 
THEORY IN GENERAL 

In the previous ehapler it was shown that direet current, 
due to its chemical actum, is totally unadaptc'd for electric fur” 
naces as used in the stiu'l industry, and alternating current is 
therefore used exclusively to operate electrO’Steel furnaces. 

The dilTerence hetw'cen <lirec‘l current and alternating current 
is that in the former tlu' current is always llowing in the same 




direction, whereas in the latter it changes its direction con- 
tinually. 

The reciuired time for one directional (Tiange is called the 
period and is designated by 7‘. Fig. 2 ^a shows a complete wave, 
or cycle. In tin's hgure one cycle, therefore, lake.s the time', 1\ 
which is necessary for the* current to swing llirough a cottii)lele 
wave. Hence, one ct)mt>lete cycle goes from 0 through to the 
positive maximtinn and from zero to the negative maximum 
and back to the zero point, 

For all practical puin[K)seH we can assume that the u.sual 
alternating current generator gives a sine wave for its electro- 
motive force. This being the case, it only remains to show how 

47 
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a sine curve is constructed, and to draw another diagram next 
to Fig, 2'} a showing these relations in alternating current 
circuits. 

If (as in Fig. 27) we let the radius or radius vector equal the 
maximum voltage reached in this sine curve, and designate this 
maximum value by <?, the various instantaneous values of the 
sine curve by e\ then: 

e' = ^ sin a 


2.e., for every angle a, the ordinates of the sine curve give the 
corresponding instantaneous potential values as indicated by 
Fig. 27. In the above equation in place of the angle, however, 
we can substitute for it the value of the angular velocity and 
obtain ; 

<x = mt 


(similar to the equation, distance = speed X time), and as the 
angular velocity ^ ^ hence 

e' = esmmt 


where t is the time taken by the radius vector until it has passed 
through the angle a after leaving the zero or starting point. The 
whole time corresponding to one cycle is T and the corresponding 
angle is 2 tt, and by substituting these values in the previous 
formula, since (a = 2 tt and t = T) 

2 T ~ mT from which it follows that— 


2 TT 

m = -jr- 

It is customary to speak of cycles per second or frequency, 
and as the time of one cycle is equal to T, the frequency v is 

I 

^ t' 

If we substitute this value in the formula containing m, we 
get m ~ 2 TV. 

We speak of an alternating current of, say 25 cycles, when 
this current makes 25 waves each second. 

The 'more or less frequently varying direction and strength 
of the current depending upon the cycles per second, or frequency, 
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has a partinilar luairing on tlu* fuiulimis of alUTuatuif^ i-iirranl 
rircuils. In nnliT to luuli'rsland thosia the so ealU'd iudiictian 
will next be brielly di'siTibed. ’This seems lU'eessary beeaiisi* a 
elear coneeiition of tlu‘ in<iiuli(»n phenomena is im{)ortanl, in 
order to understand the induetion furnaeis whieh will later l)t‘ 
(liseusseil in detail. 

Wc obtain an imluelive aetiom for instanee, when an ideetrie 
eonduetor is fnoved through a magnetic held so that magnet ie 
lines of force are cut. If we connect the (aids of this coiuhu'tor 
with a measuring instrument we (dhain a deflect ion, showing 
the presence of an electric current produced by induction, d'his 
current is called induced. 

We tlu'refore say. “ If a londmlor is moved in a ma^nelie Jield 
so us (0 (III mu^^neUe lines oj jon e, an eledro mol he force is produced ^ 
ivhich ivill eaiise ti eurrenl lo Jhne provided that the eondutior has 
its ends dosed so u.v to Jorm an elect rie cirtnil. The eledro motive 
force and also the current become larger, as more magnetic lines of 
force are cul in a }>hcn lime," 

It is evident lluit it makes nt> dilTerence in whii’h way the 
magiietii' lield is pnuluccal, bin uuse it is only tiecessary for the 
conductor to cut lines of force. It is, thendore, imnialeriid 
whether the conductor is moved through tlu* held of a permanent 
magnet or through the field of an electro-magnet. It is even 
aunii'ient to movi‘ it near a wire through which a current is 
flowing, Ik'Cuusi* this wire is .surrounded by lines of force. 

Until now' we have assumed lltat we have moved the eon- 
diielor in which a lurrent is induced. Instead of that we can 
move the magnet and hold the conductor; still, as in that case, 
an electro-motive force is also generated, due to lines of force 
being cut. We may tinally tdace two conductors side by side, 
and if we pass a current through one of them, it will generate a 
magnetic field, (he Itius of force of which wall cut the second 
conductor. If the current is interrupteil, the lines of force dis- 
ajitHuir, only tcj reapfH’ar instantly U|K)n the current being again 
made. We therefore have a field of constantly I'hanging lines 
of force and a conductor kHiited in this lield. Hence an e.m.f. 
is induced in the second conductor, exactly as when a magnet 
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approaches a conductor from an infinite distance and then recedes 
again to an infinite distance. 

The alternating current changes its strength continually, and, 
as we have seen, it increases twice during each period or cycle 
from zero to a maximum and consequently decreases from that 
point again to zero. As a result of this, a conductor carrying 
an alternating current is surrounded by an alternating magnetic 
field, which induces e.m.f., or currents, in all conductors within 
its field. 

The current-carrying conductor itself thus lies in an alternat- 
ing field and, from what has been said, it is evident that an e.m.f. 
will be induced in this conductor by its own field. This action 
is called self-induction^ and the current generated thereby is 
called the self-induced current. 

This self -induced current always flows in the opposite direction 
to the current which produces it. If the primary current, for 
instance, flows to the right, the induced current will flow in the 
opposite direction, or to the left, in the same conductor. The 
self-induced current for this reason does not exist, as the effect 
is to weaken the primary current. If voltage is applied to a coil, 
therefore, the current does not immediately reach its maximum 
value, but does so only after a certain time-interval has elapsed. 
The highest value is reached after the lines of force are no longer 
on the increase. We therefore say the current lags behind the 
voltage. 

It should be remembered that we obtain the instantaneous 
values of the voltage as the projections of a rotating radius 
vector. Therefore, we can likewise get the instantaneous values 
of the current as projections of a radius vector of a different 
value. We then obtain the lag of the current behind the voltage, 
and draw this lag out in the form of a definite angle. This angle 
is then the measure of the lag. Time difference between current 
and voltage we call phase displacement, — and the angle which 
the radii vector of the current and voltage make with each other 
is called the phase angle. The letter <t> has been commonly chosen 
to designate this angle. 

We have for instance the vector diagram Fig. 28, which 
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We therefore say: 

The electro-motive force of self-induction is proportioiuil to the 
coefficient of self-induction^ and to the rate of change of current per 
second, or the frequency. 

If we compare the relations in an alternating current circuit 
with those in a direct current circuit, we sec, in the latter case, 
that it takes a definite voltage to force a current i, through the 
resistance r, and, according to Ohm’s Law, we have 

e = i X r 

If it is desired to send an equal alternating current, through 
a coil, it also takes a certain voltage, 

Of — iX r, 

to overcome the resistance. 

We have to take into account, though, that with alternating 
current an electro-motive force due to self-induction is generated, 
which is always in the opposite direction to the impressed electro- 
motive force. 

. In order, therefore, to obtain the desired current i, we need 
not only the voltage, e,. - ir, but also an additional pressure 
e^ to overcome the electro-motive force of self-induction. Hence, 
the total voltage necessary for an alternating current is, 

e = e,. + ei. 

The alternating current voltage e is composed of two clifferent 
pressure waves. These waves are displaced by an angle of 90^ 
or X of a period, which can easily be shown by a short mathemati- 
cal demonstration. 

The above sentence in italics regarding self-induction, is 
mathematically expressed as follows: 

, di 

Tf 

Furthermore, we know that for a sine wave, the formula for 
an alternating current at any instant is: 

i' ~ i sin m t, 

exactly as the sine wave for the voltage gave 

e' = e sin m t. 
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If wc sul)sliiulc unollu'f viiluc for / in Ihc n[iuilu>ii 

, // / 1 • 
i'l 1 4 , , \vi‘ ohlain 


)}i i ros )}i I 


il I 

(i l (I it sin »t 1) 

(I / <n 

e/j, {m X / X L) cos /// /. 

We have <v ~ f f ^hc* inslanljiiu'oiis value 

a r) sin til L 

The total vollag(' is, therefore, 

c* I a f) w t T (J ni I4) cos m t 

and as cos m I - sin [ m I f (jo”) ^ 

it is evident that the voltage 
necessary to overt-orne the conn 
ter electro niotive force of self 
induction is oo" ahead (»f the 
e.m.f. necessary to overconie the 
ohmic resistance. 

From this it follows that 

these two e.in.f.’s are not to he 
added arithmetically Init geo 
metrically. If we draw this us 
shown in I'ig. 30. we have: 

O A maximutn value 
of the current i 
0 B <v ^ 

() i ' fi i m L 

The reHullant of tin* two e.m.f. ’s is graphically shown as 0 Dj 
and from it we oljtain the total voltage 

e +■ C/.. 

From the ligure then we have: 

e « 4- 

.. VFr" + f nf iJ 
^ is / r 1 / 

It also follows that tan # «* when ^ is the phase angle 



Fui. 
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between the current and the voltage. 

It is worthy of mention that from the equation 

e — L 

it seems as though the self-induction apparently increases the 
resistance. Hence, the expression 

-f- 


is also called the “apparent resistance” of an alternating current 
circuit. In order that there shall be no mistake regarding the 
values which are indicated by measuring instruments in alternat- 
ing currents, it is well to emphasize here, that so far we have only 
mentioned the instantaneous and maximum values. As a matter 
of fact, neither of these values is indicated by the usual alternat- 
ing current instruments. These values have only been used to 
more clearly state the relation in a.c. and to make them easier 
to understand. The instantaneous and maximum values are 
therefore only of theoretical interest, whereas the a.c. instruments 
indicate a so-called elective valued This is obtained from the 
previous formulas and figures by dividing the maximum values 

. ^ 

by ^2. Hence, the effective value of the voltage is e == 


■7=- and 
\/2 


the effective value of the current is 




V 2 . 


We can therefore regard the diagrammatic figures as representing 
the effective values, as these only differ from the maximum values 
by a constant factor. 

If we now return to the phase displacement between the 
current and voltage, we find the question becomes of the greatest 
interest. 

What influence has the phase displacement on the power 
computation ? 

It was shown in Chapter II. that the power in watts is equal 
to the product of the current and voltage, that h p = e X i. 
Unless the so-called power factor, which will be later explained, is 
unity, this last equation is only applicable to direct current. 
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/hcmis for allcrnaling riirroul tin* formula hoconus, 

l> i' l I’iJS 0. 

n this i‘(iualiou r is tin- olliu livo sdltaj^o, / tlio cffoi live curronl 
ncl a)s0 llu' power fm ttir. 

Ill alternating eurnmt i ireuit> we rail llu* imitlm { r x / tin* 
[iparenl power. It is measured in \ad( amperes or kilo volt 
aiperes ' looo volt amperes. 'The prodm l r / ids0 designates 
1C real tw elTeelive power and Is measured in watts or ktlovvalt.s. 
b verify the eejuation for the true ptiwer ri’ally got's heyontl the 
mils of this liook. low those, therefore, who are inlere.sled in 
li.s paragra(ih. it is addetl in an ahhreviated manner. 

The eijuation for the instantaneous energy is 
p r X i . 

The work dime in * a {uwiod during the time is than 


A 


/\ .. 


dt 


id from this we ohtain the mean value of tlie energy. 

' ' . ' 

/•' /r,it 


P 


*■ /* ) I ./ 

rj.. '• ' 


d i 


f suhstituting the vahu% T i sin m i and 

t - r sin im t f 0’ 
id by completing the integration, we oldain, 

p - eo.H0andiiH 
I 


V , 


r and ' i we get p - c i im 4», 
\ .? 


From this It follows that, providing the voltage and power 
main unt'hangetl, lire cyrrrnt ilerreaseH with an increaHing 
iwer factor. As the ryrrnit ^4rrng^h determines the itoss- 
ction of the rlr< Irk a! umdm tor. it naturally interests us to keep 
le current tkiwn, i.r,« wr strive t** obtain the highest poHsibk* 
iwer factor. 

From the iitajve faiwer w|uation, it follows that, when 


p - ei and the angle 0 = o°. The other limit is when 
cos <f> = o or the angle cf) — 90°, then the power, p.= o. A low 
power factor, therefore, corresponds with a large phase dis- 
placement. The meaning of the above may best be enlarged 
upon by an example: 

Suppose the electrical circuit contains a coefficient of self- 
induction L = .002 henry 
a resistance r = .0125 ohm 

a frequency v = $0 and therefore m = 2 t v =314 
voltage e = 150 volts. 

Then: 


tan (f> = ■ 


m L 


314 X .002 
.0125 


50.24. 


The angle corresponding to this value is then 88° 50' or nearly 
90°. Hence cos 0 is nearly zero. 

The relations are graphically shown in Fig. 31 This shows 



that e and almost coincide, so that practically equal e. 

The current is then 

e 150 

"40 amperes. 

Consequently i r — 240 X .0125 = 3 volts = e cos0 
and 

i X ecosef) = 3 X 240 = 720 watts. 

With the same current but with cos<^ = i, we would have ob- 
tained instead of the above, the power p = 240 X 150 X i = 
36000 watts. 

This example shows us plainly how impossible it is to judge 
the power in an alternating current dreuit by merely reading 
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the ammeter and the voltmeter, as these two instruments do not 
in any way indicate what the power factor is. We therefore em- 
ploy a special instrument to measure the power, a so-called 
wattmeter, which indicates the watts or kilowatts, directly, 
where 

I kilowatt = I kw = looo watts. 

As the example showed that the voltage necessary to overcome 
the e.m.f. of self-induction (he., the vector ej is without any 
influence on the actual power — in other words, it delivers no 
power which can be measured in watts — we therefore call this 
vector the wattless component, and the vector e,. = i X r is . 

called the watt component of the voltage. 

Up to the present we have divided the voltage into two 
component parts. The one being the watt component e^. = ir 
which coincides with the direction of the current, the second being 
the wattless component C/, = -j m L which is in quadrature with ; 

the former. ! 

The power p = e i cos — i {e cos 0) where e cos 0 = e,. ; | 

that is, the power is obtained by multiplying the two unidirec- ; 

tional vectors or forces {i and (See Fig. 30.) j 

Instead of separating the voltage into two components, we 
could have also separated the current into two forces at right 
angles to each other. This separation can be done in such a way 
that one force falls in the direction of the terminal voltage, and 
being multiplied with this, it gives the resultant power, while the | 

other force is perpendicular to the first one. i 

The equation for the power, I 

p — ci cos </) can be written 
as p = c {i cos (l>) = e 

where v is the watt component of tlie current and equals i cos (j). 

Taking then the values of the example as chosen, we obtain 
Fig. 32. The directional precedence is given by the curved 
arrow. . Here the total current, 7 , is shown as lagging behind the 
voltage by the angle 0, similarly to the previous example. As | 

the angle 0 is approximately 90°, then i and almost coincide 1 

and the wattless component of the current is J 

^ = 240 amperes 1 
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whereas the watt component of the current % approximates zero. 

It is therefore apparent that the total current is only 
present in order to generate the e.m.f . of self-induction. In other 
words : 

It is the wattless component of the current which generates 
the lines of force. That is why this wattless current is also called 
the magnetizing current, and this is why it is designated by i„i 
in the accompanying figure. 

It follows, therefore, from all which has been said of the power 
factor that: When figuring the size of electrical conductors, 
the apparent power should always be the determining factor, i.c., 
the product e Xi or current X voltage, in other words, the 
kilo-volt amperes. On the other hand, the power of the prime 



Fig. 32. 


mover only takes into account the actual power, that is the 
product ei cos ^ or the actual kilowatts. In other words, a poor 
or low power factor means expensive lines and electrical machinery j 
whereas it has no influence whatever on the prime mover. 

It is apparent, therefore, that it is in the interests of an 
inexpensive installation to have an acceptable power factor. It 
is to be noted, however, that in the ordinary power houses, the 
power factor varies between .6 and .8, depending on the sizes of 
the motors used and at what load these are operating. These 
values are, therefore, a guide indicating whether or not we have 
a good power factor. 

Quite independent of the current lag, we may have induction 
phenomena which will call forth other and more disagreeable 
actions than those shown, and as it is the object in designing and 
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operating; drrtric' furnat'i's to aviml llust' Iroublcs, wv will 
mention them brielly. 

We have seen (hat an alti'nialinK eurrenl in a enmluetor will 
generate another alternating eurrenl in any eontluelor if the see- 
ond conduelor only lu‘S in the inagnetie field t)f llu- first eniuluetor. 

We therefore obtain eurrents in all eomluetors width lit* 
in the inagnetie fieltl of another eouduetor, and these eurrents 
may cause considerable powi‘r losses under certain conditions. It 
would lead us ttio far if we were to occupy ourselves tleeply with 
these idienomena. On that aeet)unt only those possibilities will 
1)0 mentioned which lead tti these power losses in electric furnaces, 
and the remedies which help to overcome these losses. 

In the first place then* are the iiuluced currents themselves, 
which may engender considerable hisses. As these induced 
currents are generated in every conduOor which is {larallel to 
the main current, they may cause great losses when the comluclor 
carrying the indu'-ed current is short circuitetl. It is therefore 
necessary to avoid all designs in which, for example, an iron beam 
would follow a main condui'tor, so that it would then be short 
circuited on itself. This condition is to be considered only when 
very heavy currents are present as is altogether the ease with 
electric furnaces. But even hen* these actions may be avoided 
by carrying the incoming and outgoing conductors close together. 
In this way the magnetie fields for instatue those made by the 
two conductors of a single phase circuit are then neutralking 
each other, so that we have no action on parallel -lying and closed 
iron parts. I'here are, however, eurrents indueetl in every 
metal part which is near an alternating eurrenl carrying con- 
ductor. I'hese metallic* parts provide splendid eonductors for 
the current through which the current may be short-eireuitecl, 
so that under certain eireumstaiues a metallic piece of that 
kind may reach r{‘ally unlooked-for temperatures. Wv call 
these eddy or FmcauU rummis. 'Fhey are parlii ularly preva 
lent when the metal in tfuestion is magnetie, that is, a good eon« 
ductor for the magnetie lines of force, 'Fhere would be consider- 
able losses, for instance, in the cooling chambers used in electrode 
furnaces, to cool the electroties, if these were made of cast iron 
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or cast steel, as both of these materials carry the magnetic fluix 
better than air. We are, therefore, obliged to make these cooling 
chambers out of copper, red brass, or manganese steel, as these 
materials are non-magnetic. 

Another method used to lessen these eddy current losses, 
is to greatly subdivide the metallic parts in which these eddy 
currents might appear. Transformer and dynamo armature 
cores are examples. These cores are built up of sheets as thin tts 
■5 and sometimes only .3 mm. (.02 to .012 inch). 

Finally we might also have the case where a good magnetic 
conductor, one of low magnetic reluctance, entirely surrounds an 
electric conductor. If the magnetic conductor should have a. 
considerable cross-section, then certain power losses arise, due to 
the constant demagnetizing influence of the alternating current. 
This loss is known as the hysteresis loss. For this reason, there- 
fore, we also avoid surrounding electrical conductors with good, 
magnetic conductors. in electric furnace construction. 

It seems well to mention that beside^ single phase alternating 
current, polyphase (2 or 3 phase) alternating current is more often 
used to operate electric furnaces. In order to understand these 
power circuits, we will add the following: 

Three phase current is visually distinguishable by having 
three lines which conduct the current from the source of supply to 
the apparatus using it. Whereas with single phase current there 
are only two lines, one line to lead the current to the destination 
and one return wire. 

As the name three phase implies, we use three conductors 
and handle three currents in this power transmission. The 
vector diagram shows us tliis the plainest, i.e., the relations be- 
tween these currents and what the relations are between the 
different values occurring in three phase power transmission. 

Fig. 33 shows us three vectors which are separated 120° from 
each other. These vectors indicate the direction of the current 
as they are actually generated in 3-phase machines and actually 
consumed in 3~phase Apparatus. If we add these currents 
geometrically, as shown in the figure, we observe that the geomet- 



POWERFACTOR (COS0) AND ALTKRN ATIN’C. ('URRKN l' TUI'IORY (» 1 

rical resultant of two current forces always e((uals tlu* Ihinl 
current. This explains why only three lines are nei'essary to 






conduct a 3»phase current, of which the third conductor may be 
looked upon jis a return wire for the other two, 'riiis presui)poKes 
of course that the current in each direction or phase is of the same 
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The coils of the generator or those of the power consuming 
apparatus which are built for 3-phase current, may be connected 




ip two different ways with each other. Fig. 34 shows the so- 
called Star or Y connection, in which the ends of the coils of the 
generating or receiving apparatus are connected together at the 
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nciilral poiiit /I, whcirus Fig. shows Uu' so ■calk’d Iklta coii- 
ncclion in which Ihc single coils arc connected in series, and the 
connecting points of the coils are led off to the* power mains. 

With the Star or N' connection we may have* either the volt • 
age of onepha.se or the resultant voltage of two of the phases. 
The first is the iiotential lu’tween the neutral point . 1 , Fig. 
and the end of one generator coil, as shown by the coniu’c’tions 
A a « A ihi - A (h A'. 'Phe other voltage is the resultant of 
two of the.se coils and is across the points u tin, an a^, tin a, and this 
resultant voltage is designated by c. If in these Star connections 
the pliasc voltages should he dilTerent, tliere would however he 
no dilTerence between the c'urrenls (lowing in the gimerator coils 
and on the line. If / -= generator phase current, and I « line 
current, then I - i, as is evident by consulting Fig. 

If we, however, view P’ig. a.v we instantly perceive that the 
phase voltage and line voltage are ecjual to each other or E •- e. 
On the other hand we have different values for the current per 
phase and the line current. With 3 pha.se currents for electric 
furnaces the coniurtion is mo.stly used. W'hat i.s the relation 
between the.se two voltages? 

If we have the phase voltage E, we may ohluin tlu' resultant 
voltage by tiiking (lie geometric difference between any .» phase 

€ 

voltages. If we refer to I''!g. 3b we see that, sin 60“ « ’ E and 
tliercfore the resultant voltage 

€ 2 A .sin 60® 

- V^ E 1.73 A. 

In the same way it may he .shown for A connection that 

i - n /37 

These relations must be known in order to clearly under.staml 
tlie power in 3*i)hase circuits. We can imagtm* tlie 3 phase 
power being ecjual to the .sum of power of the 3 .single jihases. 

We then olitain, 

P At / 1 cos ^ h As /g cos 0 F A.1 /a cos ^ 
and as we assume that the separate phases arc balanced or ecjually 
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loaded we may write that 

p E / cos (p. 

We saw for the Y amneclioii that c \ /C and / - /. 
If we substitute these values in the power etiuation. we have 

c . . . 

■p ~ .■ eoSc/» \\\(' ! eoS(/t 

i.e., we obtain the power in a l>y nniltiplyiug the 

current by the voltage by thc‘ power factor ami the product l)y 

V3. 

Finally, it may be said that we have watlnielers which meas- 
ure the total power, p - c / cos^ in 3 phase circuits. It is 
therefore an easy matter to detern\iue the power lacttsr in a 3- 
phase circuit, provided other instruinents give the values of the 
current and voltage of the 3 balanced phases. 

We therefore have 

P 

COSq6 *' 

3 ^ E 

In the above ji? = total i)c)wer in either a Y or a connection circuit 
as measured by a wattmeter. / the current in each line, 
sometimes only measured by one ammeter, and e voltage as 
measured by the usual a.c. voltmeter. 


f 
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GENERAL CONDITIONS FOR THE OPERATION OF 
ELECTRIC FURNACES 

Bicfork wc (leal with iho funuu’e dusigiis now largely used 
for steed making, it may he well to diseuss a few general {[ueslions. 
An understanding of these' is of great imi)ortanee in order that 
we may eorreetly judge an eleetrie furnuee. 

First and foremost the (luestion arises: 

Why has the steel industry in guneral an interest in electric 
furnaces, and what advantages does the eleetrie furnace olTer 
compared to the existing metallurgical at)paratiis? 

It is obvious that tbe advantages will have to he of some 
moment, if the iron mast(‘rs are to discard or supt)k*ment their 
hitherto satisfactory metluKls of jirocialure. 

It behooves us tlu'u to consider tlrst the* [)roved and peculiar 
heating etl'ects derived entirely from electricity. We (ind the 
following chara(1i‘rist ics: 

1 . I'he use of electricity as a heating agent makes an extraor^ 
dinary and quick heat [lossible, which same is imt)()ssiblc witli 
any system of gas heating. Here it may be noted, that l)efore the 
introduction of the electric furnace into the .steed industry, it 
was only possible to make refractories stand temt)eraturcH of 
2000*^ C., whereas we may now reach any temperature up to 
3500® C. in the electric furnace. 

2. With the aitl of electrical control the heat can be regulated 
most accurately, so that the charge can be brought to any de- 
sired temperature and kept there, according to the demands of 
the process in question. 

3. Electricity ofTers us the cleanest heating agent imaginable, 
so that we are enabled to avoid all (kdeterious influence wliich 
other heating agents have; for electric furnaces allow us to oper- 
ate in any atmosphere, and this prevents reactions taking place 

im 


66 ELECTRIC FURJSfACKK IN' THE IRON AND STEEL INDUSTRY 


which, may be caused by atmos^iheric eleincuts, gases, or the 
products of combustion. 

4. The characteristics noted, in sections i and 3, allow the 
steel bath to be refined to any high degree. Sulphur particularly 
may be entirely eliminated, so* that a higli class (iiiished product 
may be made from impure and cheui) raw malt‘rial. 

5. The electric furnace allows us to make crucible c[uulity steel 
in large quantities (as mentioned in section 4), made from cheap 
raw material, and yet, at the same time, it turns out a completely 
homogeneous product. This product has hitherto been possible 
only in the crucible furnace, where many separate crucibles are 
used, charged with the purest and most e.Kpeusive of raw materials. 

6. In many cases the product of elet'tric furnaces shows cru- 
cible quality characteristics, even though the cheapest metal hatl 
been charged. This high quality cannot be uchievetl in any other 
type of furnace. The reason for this lieing that the heating agent 
does not in any way influence the charge and theredon* the steel 
may stay in the electric furnace as long as deemed best, and held at 
any desirable temperature, meanwhile allowing the gases to escape. 

7. The saving in the additions of ferro alloys is another 
important consideration, the use of ferromanganese, ferro- 
silicon, etc., being considerably reduced-“i:)ne"tliird to one-half 
less ferromanganesc^even when added cold. When electricafly 
melted ferromanganese is addetl to electric steel, the saving is 
still greater, a,nd of the greatest importance ftir ejuantity pro- 
duction, as the second grade material is eunsickTubly reducetl. 

As these arc the general principles which make the electric fur- 
nace valuable to the steel industry, it seems advimble to state the 
requirements whiclr an ideal electric furnace would demand in 
order that the above advantages may be best attained. Particu- 
larly as the number of difTcrent furnace designs are numerous. 

Surely everybody who is confronted with the C|iiestion of 
installing an electric furnace, will sec finst that the installations 
shall cost the least amount of money, and second that the type 
used combines the greatest simplicity with the greatest safety 
during operation. 

The requirements, therefore, should be as follows: 
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1. The ability to use any prevailing alternating current at 
any voltage and frequency. 

2. The avoidance of any sucuien changes in the load 

3. Ease of regulating the incoming current. 

4. High electrical efficiency. 

To which are added the following: 

5. A furnace of the tilting variety. 

6. Easily surveyed and accessible hearth. 

7. The electrical heating or any of its necessary auxiliaries 
must in no way influence the chemical composition of the steel 
or the slag. 

8. The ability to reach any desired uniform temperature in 
all parts of the bath, and at the same time avoiding any local 
under- or over-heating. 

9. The furnace should be as versatile in its application as 
possible. These requirements further stipulate the following: 

10. Equally advantageous, raj)id, and inexpensive methods of 
removing all impurities contained in the charge, notalily sulphur 
and phosphorus, and furthermore: 

11. The possibility of completely and easily removing any 
slag in the furnace, and of being c[uickly and easily able to 
renew it. 

12. Complete uniformity of the material in all parts of the 
molten metal and consequently a sufficient circulation in the bath. 

13. Avoidance of too much agitation in the bath, and there- 
fore providing an advantageous standing of the metal. 

14. The possibility of providing various furnace sizes, which 
would have to fit prevailing conditions. 

15. The highest possible thermal efficiency with all furnace 
sizes. 

16. The avoidance of all water cooling. 

17. The least possible refractory and initial cost and low- 
operating cost. 

18. The possibility to melt cold scrap economically. 

19. And for foundry purposes, the ready adaptability of the 
furnace to intermittent service. 

It may be again remarked that the above ref[uirements are 
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those which would he extuTletl of an ideal furnuee. 'I'he furnaces 
cliscussed in the followiufj; chapters are those in practical use ami 
therefori' only tjartly fullill the above rec|ui remen Is, some mont 
and some less, so that tlu‘ exactions math' of an ideal furnace 
only serve as a normal i-slinuite, with whicli the following various 
designs are c’oniiiared. 

I'drsl i»f all, though, it seems necessary to dwell more in- 
timately upon the importaiu'e of several ])oints. 

I. Of the furnuct' opi'ration we re([uired the use of any pre- 
vailing current. 

If this repuireinenl were fulldled it would enable any electric 
furnai'c to be comuaied to an existing central statum, no matter 
if this were a cit\' electric plant i)r the weirks’ own isolaterl 
station. If the electrical power was sullicii'nl in either case, 
onh' the connection to the furnace in.sLaliation and the latter 
itself would be nect'ssary, .so that the ext)en.se of a special genera- 
tor, which woultl only be (irdered for-lhe furnace it.self, would be 
saved. 

If, on the other hand, the case should pre.sent itself where the 
available power of an existing isolated jdant was entirely in de- 
mand for other puri)oses, then in this case it would also he 
advantageous if any availahk* eurrent could he used for the 
electric furnace, so that the generator installation furnished for 
the electric furnace could at the same time and in any event he 
used as a reserve for the remaining generators; or the generators 
would act as a mutual reserve, as well for the main generator 
installation as for furnace generators, which would then insure 
the best service conditions. 

If the consumer of electric current does not have to take 
into consideration the conditions existing in a distant central 
station when connecting to its lines, then such a connection also 
offers imi>ortant advantages as it enables the existing central 
station current to he used. Furthermore the furnace installation 
In this case can easily he erected in a comparatively small place, 
besides saving the attendance for one’s own power plant, or that 
required for a wtary transformer. This is entirely independ- 
ent of the fact that small works arc hardly able to generate power 
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as cheaply as it can be sold by large central stations, except- 
ing when high pressure internal combustion oil-engines are used. 

Accordingly, it would be desirable, of course, if direct or 
continuous current could be used for operating electric furnaces, 
in case a steel mill only possessed a direct current power plant. 
Wc, however, saw in the third chapter that on account of the 
chemical action of direct current, this does not appear suitable 
for operating electric furnaces, and as direct current can only be 
changed from a higher to a lower voltage, such as is used for 
arc furnaces, by means of expensive rotary converters, consisting 
of driving-motor and generator, and if the continuous current 
were to be used directly from a low voltage plant, the cost of 
the connecting wires and cables would be extraordinarily ex- 
pensive, as the distances are usually considerable; therefore, 
direct current is practically never used today for any electric 
furnaces in the iron industry. If, in spite of this, we see the 
assertion made here and there in advertising mediums, that a 
furnace may also be operated with direct current, then these 
assertions are to be approached with the greatest care, for when 
these are accurately tested, ft will always be found that such 
allegations are misleading. 

It can accordingly be established that direct current does 
not come into play at all for operating electric furnaces. These 
latter may, however, be adjusted to any conditions which are 
offered by the modern alternating current station. 

It is well known that at present alternating current stations 
are built for three phase. current, because the electrical conditions 
are especially favorable. When an electric furnace therefore is 
to be connected to an existing power plant, we shall no doubt, 
in the majority of cases, find that it is to be connected to a three 
phase plant. In this case a three phase furnace shall have a 
particular advantage which exactly fits into the conditions 
offered by an existing electric station. A two phase furnace has 
the same advantage as a three phase furnace, even though the 
former is to be connected to a three phase circuit, as three phase 
current may be changed to two phase by means of stationary 
transformers having the Scott connection. These transformers 
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are necessary in such cases to regulate the power fed to the 
furnace, tliese regulating and phase changing transformers 
would serve the double purpose of simultaneously changing 
three to two phase current or mce versa, and regulate the current 
besides. Whereas a single phase furnace under these conditions 
would necessitate the installation of a rotary transformer, con- 
sisting of a three phase motor and a single phase generator, 
which would considerably increase both the initial and the 
current costs. But even though it would be necessary to install 
a new alternator to deliver current to the furnace, the three phase 
(or two phase) furnace has certain advantages. In this case it 
would be of considerable importance to obtain the least expensive 
electric plant consistent with economic operation. And it may 
be of determining importance here as a polyphase alternator costs 
about 25 to 33 per cent, less than a corresponding single phase 
alternator, other things being equal. 

If, on the other hand, single phase current only should be 
available, then the polyphase furnace would, of course, be more 
expensive, as the single phase current would then have to be 
changed to polyphase current by means of a rotary transformer. 
It appears, therefore, that the utilization of any existing single 
phase current would be of particular advantage. 

It seems that being able to use any voltage is of lesser im- 
portance. For as our requirements have limited us to the use 
of alternating currents, there no longer remains any noteworthy 
difficulty in changing or transforming a high central station 
voltage to a lower furnace voltage. For this change can be made 
very simply, and almost without loss, by means of stationary 
transformers, which only entail a comparatively small expense 
and almost possess an unlimited hfe. 

Contrary to the foregoing, we find that it is of great im- 
portance to be able to use any existing frequency for the electric 
furnace. Unfortunately, this requirement is not yet completely 
fulfilled by all of the well-known furnace designs. Among 
others, the main reason is to be found in the power factor or 
cos 0 falling as the frequency rises. (See Chap. 4.) 

It can, therefore, only be established, (taking into considera- 
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tion that only the practically attainable can be asked,) that an 
electric furnace should be operated with normal frequencies, 
meaning thereby 15, 25, 50 and 60 cycles. 

In order, however, to point out early, of what importance 
the frequency of an alternator is as regards cost, it may be men- 
tioned that the costs of a single phase alternator of 2 5 cycles and 
a similar one of equal capacity, but of only five cycles, will bear 
the ratio of i ; 2. These figures may perhaps best show, charac- 
teristically, the influence of abnormally low frequencies. 

We now come to the second requirement, viz.: the avoidance 
of all sudden and untoward changes in the load. 

That such load changes and principally currentfluctuations are 
of the greatest disadvantage to every electrical power plant, needs 
no explanation. It may only be remarked here that no city light- 
ing and power plant would allow an electric furnace on its lines, 
which operated with heavy power fluctuations, without first inter- 
posing a rotary transformer with suitably heavy fly-wheels or 
other appurtenances which would be able to absorb these fluctua- 
tions and thus keep them away from the central station. This 
same requirement would also have to be met with in every other 
isolated plant, if any value is placed on its economical operation. 

With interposed rotary transformers, therefore, the power 
fluctuations would increase the initial cost. This also holds,, 
provided the furnace is connected to a special generator. For 
it is evident that the generator must stand the greatest current 
fluctuations without injury, i.e., the generator must be built foj* 
much higher currents than if there were no irregular power surges. 
In other words, a generator required to operate a furnace, having 
current fluctuations, could operate a much larget furnace which 
was free from such fluctuations. To this must be added the 
fact that the generator’s prime mover would, run under much 
more unfavorable conditions, and with a mnch poorer efficiency, 
if the current surges are to be overcome, than if it only had to 
deliver the power uniformly or at a gradually changing rate. 
The power delivered to an electric furnace, having power fluctua- 
tions, is similar to that taken by an electrically driven rolling 
mill or by an electric railway. 
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In order to give an arithmetical example, it may be said that 
normally turbo-generators have a steam consumption of 7.5 kg. 
per kw,-hr. (16.5 lbs. per kw.-hr.), whereas turbo-generators for 
railway service, with their required overload capacity, often have 
a steam consumption of 8.25 (18.15) and more up to 10 kg. per 
kw.-hr. (22 lbs.). These figures about give a correct idea of the 
advantage which an electric furnace has whose operating force 
is free from fluctuations. This is quite apart from having a 
less expensive power plant which a smooth running furnace 
has. Furthermore, a power plant subject to having power 
fluctuations, is naturally liable to much greater wear than is 
occasioned by uniformly loaded machines. 

To the third point, viz.: the ease of Regulating the electric fur- 
nace so as to give higher or lower temperatures, nothing more can 
be added. This is fulfilled as the furnace voltage can be easily 
changed, by suitable electrical apparatus, so that this require- 
ment is fulfilled by all furnaces in the same way. 

Likewise the fourth point leaves notliing to be said regarding 
the requirement for a furnace with the highest possible efficiency. 
For, it is self-evident that a poor efficiency would entail a greater 
power absorption for the same work, and thereby the operating 
costs might be considerably increased. 

The remaining requirements refer mainly to metallurgical 
facts, which are discussed in detail in the second part of this 
book. That is why they are only given here just sufficiently to 
enable one to judge the different electric furnace designs. 

As a comparatively great number of charges are treated in an 
electric furnace, especially when operating with hot metal, 
nearly all the furnaces in practical operation to-day are made of 
the tilting variety. For this allows tlie teeming to be accom- 
plished with greater ease, and avoids much , trouble caused by 
the giving away of the tapping hole. Consequently the demand 
for tilting furnaces today is a general one. 

In hke manner there is recognized the demand for an easily 
surveyed and accessible hearth. For, every metallurgical 
operation will be placed in jeopardy without it. Therefore 
electric furnaces should have working doors placed at moderate 
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heights above the bath, a little to one side, from which it should 
be possible to see the entire hearth. This may be required, for 
instance, in order to exactly determine the condition of the slag, 
or to be convinced when changing them, that the bath is really 
free therefrom before endeavoring to make a new slag. This is 
entirely independent of the fact that side doors are by far the 
most advantageous and convenient for charging slag. On 
account of the absence of an easily surveyed hearth, such resist- 
ance furnaces as described in the third chapter, having channels 
running to and fro, are absolutely to be discarded. 

It seems self-evident that we should expect an electric furnace 
to have its heat, or the necessary appliances required to give it, 
without influence on the chemical composition of the steel or 
slag. For it is just by these means that the electric furnace is 
to prove its superiority over the older gas-heating type. This 
point is, therefore, to be borne well in mind with every different 
furnace design. For suppose we assume that at any time 
during the metallurgical process, for instance, during the oxida- 
tion period, the electrical heating should in any way favor 
the oxidation, then this electrical heat effect would also be 
present at any other time, i.e., during the reducing period, and 
the furnace would then consequently be working at a disadvant- 
age. Thus the harm of these effects is often greater than the 
good they do, as they are also present when they are not 
wanted. 

Every metallurgist will concede that it is justiflable to expect 
an electric furnace to reach any desired temperature and still 
avoid any over- or under-heating. That primarily every practi- 
cally desired temperature must be attainable is evident, when 
we consider that the electric furnace must enable us to reach 
the most advantageous 1:emperature for every stage of the 
metallurgical process. This requirement, therefore, falls to- 
gether with the one requiring an easy regulation of the incoming 
energy. With all this, it is of particular importance that the 
entire furnace contents be heated uniformly, so that over- and 
under-heating is not to be feared; it is much more likely that 
there would be an over-heating. The former of these is hardly 
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liliely to occur in case considerable heat is carried away by 
the water-cooled appliances in connection with the electrodes. 
Borchers, in his i8g8 address before the “Verein deutscher 
Eisenhiittenleute,” said: 

'‘As a matter of fact we need not fear that we cannot reach 
almost any temperature by electrical means for this or that 
purpose, for we shall have to place much greater weight on 
guarding against wastefulness on account of working with too 
high temperatures.^^ 

The ninth point requires the electric furnace to be as versatile 
in its application as possible, and thereby possess the greatest 
adaptability in order to work it in conjunction with present or 
future processes. It goes without saying that it would be par- 
ticularly advantageous for the electric furnace, if it were possible 
to make in it the greatest variety of steel, equally well and 
economically, and of the same good quality. For even though 
one or the other object of making the steel may primarily be the 
absolutely determining factor, it is still to be noted that the 
electric furnace has a far-reaching application even today. 
However, there are at present still many new fields open to its 
product. So that even though it does not appear to be absolutely 
necessary, still by far in the most cases it would appear to be 
advantageous, provided a qualified electric furnace, or some 
chosen system, fits into the working program equally well for 
the reception of a new quality, as the previous material did. 

The further requirements from the loth to the 14th are self- 
evident, if the previous demands made upon the electric furnace 
are to be fulfilled. As the principal advantage of the electric 
furnace lies in the fact that it can turn out the highest quality 
steel from the cheapest raw material, it must consequently be 
easy to attain the removal of the impurities contained in the 
charge, provided the electric furnace economically permits what- 
ever refining there may be to do. First, we shall have to concern 
oursfelves with the entire elimination of the phosphorus and 
sulphur; while removing the impurities which alloy themselves 
with the iron, (such as copper, for instance,) is also thus so far 
impossible in the electric furnace. If all the refining possible is 
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lo l)t' carried out., it. i>^ absolutely necessary that the slajj; for re- 
inoviiij^ tin* phti.splmrus, for instance, i‘au l)e completely reinov(‘il 
from the furnace. Imu* tUhorwise, wheu’tlu* metallurgical proc- 
ess is coiUinuetl for tlu* removal of other imi)urilit‘s prc'viously 
taken up by the slag, the phosphorus will again be taken up by 
llu‘ molten metal. 'I'he rt'tjuinanent of being able lo eomt)letely 
remove* slag from the furnace is covered, tlu'refore, by dtmrs 
enabling us to have an easily surveyed and accessible hearth. 

It seems just as self- evident that the impurities be reanoved 
from all parts of the bath, as it is necessary that all alloys added 
to it are absorbed et|ually by all parts of it. Otherwise an un- 
even material would result. On this account, therefore, a good 
electric* furttace has to have an adequate cireulalion, which assures 
the greatest uniformity of material in all jmrts of the hearth. 
I'he desired agitation, howevt^r, imisl not exceed certain limits, 
as otherwise the advantage of the electric furnace* would not he 
used which allows any .slag solutions to he* sc[)arated from the 
furnace c'ontenls. 

Kinally, in order I hat the furnace can have a far-reaching 
application, it is necessary that the furnace he built of such sizi's 
which seem to best lit ])resent or future installations, 'bhis is 
to he kept in mind, for instance, when llie furnace is to operate 
as an adjunct lo a converter or an open hearth iilant. In such 
cases, it is, of course, advantageous, if the furnace can receive a 
whole charge from a converter. It is such reasons as these that 
make it desiralile to build furnaces of the largest capacity. 

I'he i5tlt reciuirernent exacted a high thermal effmmey, and 
no explanation of tins is necessary. However a few words may 
lie said regarding tlie possible influence of using water cooling. 
First of all. It is evident that energy lo,Hse.H are caused by every 
cooling means, and water coaling aids this in the strongest degree, 
thus lowering the elliciency. Water cooling may become panic 
ularly harmful when it is useil in such manner as to considerably 
cool those wall iiarts which encircle the molten mc'lal. h'or 
then the danger arises of the fluid iron assuming a certain tough 
fluidity, at these places, which makes it very hard to obtain a 
uniform composition of the entire furnace contents. Finally 
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explosions if Ihe devices used are not very well [irulected. ll 
; the water cooling is beneath the bath anrl the molten metal 

runs into it an explosion will occur, but it i^ much less dangerous 
j if the water cooling is above the bath, Lc,, where the water would 

i run into the melted charge. 

’ It only remains to mention the last rt*quireinents consisting 
;! of the lowest installation costs, likewise the lowest refactory 

;j cost, and thereby the lowest operating cost wliich brings togetluT 

I nearly all Uie exactions which an ideal furnace has to fullill. 

I Commercial mtemxittent operation is also a rt*cjuir«nent to 

i which a furnace should be adaptable wiUumt luidly or completely 

I cracking or checking the bottom, side walls, or roof refractories, 

I even though this demand is more often made, tir almost ex- 

:j clusively so in foundries compared to steel mills, where in the 

|| former it is usual to operate only tluring the day. It afTetis the 

i smaller furnaces considerably more than the larger tmes, as 

furnaces of larger than 5 to 6 tons per heat have so far ru>L been 
adopted in foundries, but are more (dten from t It) j tt>ns in 
size per heat. Lastly, tlie commercial ability to melt cold scrap 
is important, imcl tliis feature is aiiparent witli all arc furnaces, 
but with induction furnaces where comparatively much metal 
must remain in the hearth to facilitate the making of tlie suc- 
ceeding charge, cold metal dvarging only, has been fouml to Vie 
too costly. That is why induction furnaces ta-<lay are used 
mainly for liquid charges, or for mixed hot arnl coUl metal 
Unfortunately, the complete attainment of tlus itleal has so far 

i not been accomplislted by actual practice, as evinced liy electric 
furnace construction. Tins will be considered in the following 
chapters, where tlie constructions, as usetl, are comimrtMl with 
I the stipulated requirements. We will find there, that every 

I furnace design has certain advantages, but also certain dtelvan- 

tages compared with every other electric furnace design. And it 
is this which makes the choice of a furnace thus far m difficult, 
for practical experience and the race in the open market Vmve not 
yet perceptibly proved the superiority of one or another furnace 
1 system. 
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ARC FURNACES IN GENERAL 
THE ARC 

If the ends of two current carrying wires tire lirought together 
so thtit the current nuiy flow, and if the two ends are then slightly 
separated, no interruption of the current will take place. But 
there will appear a stnall, highly luminous flame between the 
ends of the wires, whic-h takes the place of the conductor at the 
point of interruption. With this, then, we have to deal with an 
entirely rlilTerent prtiperly from that which the electric spark 
presents. 'Fhe latter also represents a current transference 
through the atr. But far higher voltages are necessary for the 
production of a spark than the arc culls h)r, an example of which 
we have just given above. In the latter, it is not the air which 
bridges the current, hut the gases emanating from the metal of 
the wires Ijetween which the arc lias been struck. 'Fhe way the 
arc occurs then is as follows: 

At the instant when the entls of the two wires are separated, 
a rise of resistance of sucdi magnitude aiipears at the [joint of 
separation, that, witli the current flow, a corresiionding and im- 
portant heating elTect takes place. It is under this Influence 
that the metal eva[)orates at the points of contiict. If the 
separation should be inrreasisl, then the distance between the 
wire ends becomes ho fllled with metallic gases, that these now 
take u[J the current transference at the point of interru[)tion. 
llie metallic gases, however, are much poorer conducitirs than 
the metal it«*lf. It follows then that the current in its [lath, 
from the end of one wire to the other, has to overcome consider* 
able resistance. 'Fhe current flowing through this resistance 
gap generates such high tem|a'raturts, that more metal is gasified 
at the gap, In this way maintaining the arc. If no provisions 
have been made for hand or automatic regulation which keeps 
the distances between the wire ends constant, then the arc will 
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rupture itself. This will happen as soon as the distance between 
the rigid wires is so large that the potential provided is no longer 
great enough to overcome the resistance of the arc. Should the 
arc be interrupted and it is desired to create it again, then the 
same ends of the wire must be brought together again, so that 
the arc may again be struck. 

It may be noticed, when striking an arc, that the metallic 
gases of the positive wire end or anode are carried away violently. 
This keeps the metallic gases together in a comparatively con- 
tracted area, thus making a definite path for the current. 

Even though the conducting metallic gas stream heated as a 
resistance between the electrodes is absolutely necessary in 
order to maintain the arc, it can be interrupted by thrusting a 
cold body into the arc stream, although the maintenance of the 
arc is being upheld by an entirely permissible distance. When 
the arc is broken a decided cooling off then occurs at the point 
of interruption. This phenomenon is also to be considered with 
the operation of arc furnaces. 

From the above it is evident that every arc furnace furnishes 
that . temperature which is required to gasify the conductors 
between which the arc is to be made. For the gasification of the 
conductor ends is the hypothesis upon which the maintenance 
of an arc rests. 

The best known arc formation is that which we see in the 
ordinary arc lamp. Here the arc is usually made between two 
carbon electrodes. 

The arcs in electric furnaces are made in a very similar way, 
for here carbon electrodes are also used to form the arc. As 
before said, this arc gives a very high temperature, in fact the 
highest which has so far been reached; for in the carbon we 
possess the most resistive to gasification conducting material, and 
tliis gasifies at about 3500° C. Tliis gives us then the arc temper- 
ature with which iron and steel baths are heated in arc furnaces. 

Figs. 37 to 39 show the various possibilities which may be 
utilized for heating metal baths by the electric arc. In the 
schematically' shown arrangement of Fig, 37 and 37a, where the 
arc is formed directly between two or three carbon electrodes. 
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arc heating. Fen- the charge, coniposctl of .slag and metal, 
naturally uffers a certain resintance U) the part of the current, 
by the overcoming <»f which lieat h gem^rated, no matter what 
the amount may be. 1'A‘en though the rt'Histance heating of 
the metal doen not practically enter into the (luestion at all, the 
designation of calling these furnaces comhimd arc and redstance 
, urnaces is at least theoretically correct. Nevertheless these 
two furnaces have ratlical tlilTerences. I'ht* one shown by Fig. 
38 has the electrodes of all poles or phaHt*.H above the l)ath, 
whcrea.s with the furnact* shown by Fig. 30, om* pole Is above, 
the otlicr is constructed in a suiUiblt! [losition below the bath. 
The bt«t known application of the fanner pfiMsIbility is the 
Hiroidt furnace, whereas the equally well known (nrod furnace 
embodies the secontl qualification. 

Tlie CjueHtion arises, where dues the real heating take place, 
in furnaces as shown by the Figs. 38 mid 39 - where the arcs 
impinge directly against the bath? 
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Although this question is discussed in detail in the chapter 
on the Girod furnace and an arithmetical example given, still 
the general answer to this may well be given here, which Borchers 
gave in 1905 in an address before the “Verein deutscher Eisen- 
hiittenleute.” A translation of this follows: 

“When the electric current leaves the electrodes, a layer 
of air, gas or some vapor is formed between the electrode and 
the slag, which is a heat generating resistance in the circuit. 
This, therefore, gives us the possibility of arc heating. The 
bottom surface of the electrode encompasses about 1000 sq. cm. 
(155 sq. in.), at 3000 amperes. Thus we generate in every 
second a heat quantity of ' (Q = .24 e f), or say 30 kilogram 
calories, in the small space between the electrode and the slag, 
even though we only assume 40 or 50 volts as the arc voltage. 
This amounts to over 100,000 calories given off hourly from the 
foot of the electrode. It follows that the slag layer is the second 
resistance between the electrode and the metal. The heat thus 
transformed is dependent on the thickness of the slag layer 
and on its constantly changing conductivity. If we take for this 
an additional drop of 10 volts, we add an additional 26,000 
calories, which is' entirely independent of the small amount of 
heat appearing in the high conducting iron itself. The main heat 
therefore manifests itself in the space between the electrode and 
the slag. The foot of the electrode thereby has the gasifying 
temperature of carbon. A very considerable portion of the 
heat, therefore, enters the bath through radiation and through 
the carbon vapor, having over 3000° temperature, (C.) which is 
constantly thrown from the electrode onto the slag surface and 
is for the most part greedily absorbed by the oxygen in the slag.” 

From the foregoing general characteristics of the combined 
arc and resistance furnaces, as they may be alluded to theoreti- 
cally, it follows that the heating of the metal bath takes place 
practically almost exclusively through the arc heating alone, so 
that the above furnaces are fully entitled to be simply referred 
to as arc furnaces, which is the case in practice. 

THE ELECTRODES 

One of the most important parts of all arc furnaces are the 
electrodes, at the ends of which the arc is maintained, and which 
lead the current to the bath. 
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A nuist rcsistivt' lo oxidutimi iiniti’rial is nMjitirt'd I'or flcrtric 
fiirnua* cU'clnuks in auy I'VfUt, and itiily rarluni iiu't'ls the 
ri*([uimm'iits fur tlu)si‘ rumiiig tlirially in I'nnlart with the hath, 
(if wt‘ tnuit for the inonu'iit tlio t'kalrodis of iron or conductors 
of the second class,) as of all tlu' metallic conducting materials, 
carbon alotu* stands the highest temperatures. It is, of course, 
to be consideretl throughout that carl)on is very liable to enter 
into reactions, especially at the temt)eratures found in electric 
furnaces, so that the metal bath must be [)rotected by a layer 
of slag against an undesirable abs(»rption of carbon, as is deme 
for instance in the Ilenjult, (dirotl, Kennerfelt and other arc 
furnaces for slt'el making/ If this is ilone, carbon offers by 
far the most desirable maU'rial for arc furnace electrodes, 

I'hese are made in sjH'ciaUy facltirles, or in case of very large 
electric furnac(‘ installations at their own works, 'Phey are 
rmule by hy<lniulie presses, being later on carefully dried and 
burned. Here one shoukl strive lt> obtain a i'oi\iplete uni- 
formity of the mass, and the greatest meiiuuueal solidity. 

Regarding the electric condiu tivity, it Is to be noted that 
this varies greatly when using eitlter carbon or the various sorts 
of amorphous carbon, charcoal, coke or soot. We obtain a 
higher i*onduetivity, the more the tlnlshed electrode apt)roacheH 
the graphitic: slate, pure graphite eleetrcules giving the very highest 
conductivity obtainable. Huh item is dwelt uikui later in detail. 

Moving parallel with the increase in the electrical conduc- 
tivity is the heat conductivityj so that when we have these 
favorable eleclrical conditkms, f.c., when using graphite elec- 
trodes, we have the smallest Joule or f r losstjs. Id be sure, 
the largest thermal losst;s occur at the same time, because 
graphite electrcKles, being good conductors, transmit large heat 
c|uantities from the inner furnace to the outHide. 

We then have liefore m the interesting quc^^lion concerning 
the most advarilagcxius conipoHilion for the electrodes, /.c., 
finding out how to gain their k*st efficiency. 'Phis (piestion is 
of great im|H}rtanct% as the efficiency of the electrodes largely 
influences the total efficiency of arc furnaces. Before going into this 
quwtion, however, we will preface It with a few general remarks. 
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Next to the heat generated in the elcctrodca, current density 
has the greatest influence. That is. the number of amperes per 
unit of electrode cross-section, which of course accompanies the 
electrical conductivity. In accordance with a paper read before 
the “Verein dcutscher Eisenhiittenleute,” by Professor Horchers, 
in 1908, an electrode material having the conductivity of arc- 
lamp carbons, commences to gasify its carbon when the current 
density is from lo to 15 amperes per scpiare millimetre (6500 to 
9750 amp. per square inch), whereas when the current is from 
.5 to i.o amperes per sq. millimetre, (325 to 650 per sci* inch), 
the temperature attained was from 500 to 600" C. 

Of course these current densities just mentioned do not 
occur in electrodes for electric furnaces. According to A. llelfen- 
stein, the electrodes of calcium carbide furnac'es reach a red heat 
with only 9 to 10 amperes per square centimetre (58.0 to 64.5 
amps, per sq. inch). The considerably higher temperatures of 
carbon electrodes as used in practice in arc furnaces is explained 
by the electrodes not lieing heated by their ohmic resistance 
alone {r r loss), as they are heated besides this by the arc 
temperature at the electrode end. I'he following tabled taken 
from the book by Wilhelm Borehers, “I'he Electric Furnace,” 
may show the current densities usually figured with: 
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^The later (1916) lyrx^ of carbon eletitrocles u'ed in the 2o-t«n H^mult 
furnace at Homeateacl, Pa., was 24 inches in diameter. Aa they carry from 
13,000 to 25,000 amperes per phase, the current density ii as low aa 26 to 46 
amperes f)er acj. inch (see also page 322), dei>end»ng on the voltage u»ed. 
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It must be seen from the liU>Ie lluit the KkuI per unit of cross- 
section decTeuses as the electrodt' cross section increases, the 
essential reason being that the manufacture of eltnirodt's of the 
best (luality becomes more clillicuU as their iToss section increases. 

It is also evident, that it is hard(T to mak(‘ a com{)Ietely even 
mass in a large electrode cross-section, than in a small cross- 
section. It is likewise much easier to obtain an ('ven annealing 
for thin electrode rods, than for thick rods. Finally tlu‘ gasihca 
tion of i)art of the l)inding material of electrodes is much more 
uniformly and completely accomjilished in small cross-sections, 
than is possible in large cross sect ions, in which it is almost im- 
possible to avoid irregularities. If these facts illustrate the 
decrease of the permissilile current density with increasing 
electroile cro.ss sections, and if it appears that the u.se of too large 
cross-sect ions is not advis;ible, we lind lluil the eonsulerable 
weight of the curlajii elect rtxles is also forbidding; beshlcs there 
is irregular solidity vvith growing cross sections. 

Owing to this, it has liecn found preferabli-, sometimes, to 
build up large electrodt‘s of several smaller ones and thus avoid 
one large electrode block. See Figs, (ma and f>o/n 

Thus we can use in these smaller electrodes the higher per 
muHsible current densities, and attain a smaller total electrode 
cross-section, which consecjiumtly give the much desired lower 
thermal losm‘s. With ul! this, we stand anew before the ((uestion 
of what LH the bc’.st division betwe*en the I’lertrical and thermal 
losses in the electrodes, i.c., how shall their best e(hcieru*y be 
attained? This theme has been extensively discu.HsetI in iqog 
and igii in the Eletinuhemical ami MekiUurgkai fndmlry, 
latterly called Meiallurgutd ami Chtmiml Kngimering. I'he 
principle articles are by ('. A. Hansen and ('arl Hering. ICven 
though thesi‘ liisHertations coukl not solve the tiucsdcm of the 
best electrcKle ilimenshms comiiletely, still, the results are so 
important that they are presented here in condensed form. 

As before mentionerl there are two kinds of losses in the 
electrodes: 

I. Losses through Joule imat^ f.e., thost; in conseejuence of the 
electric current ilowing. 
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2. Losses through heat conduction, ix., those occasioned by 
the electrode (being a good heat conductor) leading the heat 
from the inner furnace to the outside. 

How complicated these conditions become by the cooperation 
of these two losses is evidenced by one of Hansen’s tests, for he 
obtained the astounding result, when the ohmic resistance an<l 
the current density were increased to such an extent that tlie 
Joule losses doubled — still the total losses remained the same. 

Of what importance the clearing up of these conditions is, 
is very evident, when we hear that according to Hansen the 
losses in a furnace operating with 500 Kw. can easily be 15 
per cent, of the total energy input. This would be continually 
75 Kw., or with a current cost of ^4 cent per Kw.-hour, the 
electrode losses would cost about 56 cents hourly. 

When the electrodes are incorrectly dimensioned, it may 
happen that thermal losses increase to such an extent, that it 
is no longer possible to keep the whole bath molten. Then only 
just that part wliich is directly beneath the arc will stay molten, 
while the remainder will remain solid, owing to the heat transfer- 
ence occasioned by the extravagant dimensioning of the electrodes. 

These examples already show that a saving in the electrode 
losses may, under certain circumstances, be tire deciding factor 
for the economic working of the electrode furnace, especially if 
the price of current be high, while in other cases large sums of 
money could be saved, if we succeeded in approaching as 
nearly as possible the best theoretical electrode dimensions. 

In order to become acquainted with the conditions governing 
the least losses, Hansen made parallel tests with graphite and 
carbon electrodes which gave the following results. 

The efficiency of grapliite electrodes grows with increasing 
length and increasing current densities. It is, however, im- 
possible to force the current density above certain limits, as the 
electrodes then taken on temperatures that are too high, which 
might easily destroy the surrounding brickwork. 

With ordinary carbon electrodes an increasing length causes 
a decrease in the efficiency, whereas the Joule effect becomes 
much larger than the thermal losses. 
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'I'hc cxpi'rinR'nlally ascerUiinnl ttjiulilious of llaiisoii ara, of 
coLirsf, only IriU' holwoiai carlain limits. It is ovidont that hy 
continuing to incrca.sc tlu* Umgtli of gra[)lutc electrodes, up to 
a certain f^oint, a condition would .soon result where the 
lo.sses are a minimum. If this point is exceeded then the Joule 
etXect would increase more rai)idly than the head losses w'ould 
decrease, and this would result in an increase of the total losses. 

vSimilarly the minimum lo.sses would be exceeded if the current 
density were increased beyond its best value. 

d'he.se rellections led Hcring to determine the most favorable 
electrode tlimensions theoretically. I'hough these determina- 
tions do not alwaiys give the greatest consideration to the con- 
ditions in actual practice, and the results may only be partly 
used in iiractice, still they give such interesting disclosures, re- 
garding occurring conditions, tluit they are for this reason worthy 
of note, and will he given a little later on. 

Now next it is evident, that under any conditions and inde- 
pendent of material, an increase in the electrexk' cross-section in- 
crease.s the heat conducting losses, simultaneously, though 
decreasing the electrical losses. On the other hand a lengthening 
of the electrode, namely on (he inside of the insulating brickwork, 
causes a decrease of the thermal and an increase of the electrical 
losses. When both cases are extreme the losses will be infinitely 
great. 

It is a fact, however, that the Joule heat as well as the heat 
carried oiT through conduction are both generated by electricity. 
Thus the object is to bring the total losses down to a minimum. 

For this it is quite necessary to know accurate values of heat 
conductivity and specific resistance for every electrode material. 
Furthermore, there should be accurate results on the indetien- 
dence of these values of the temperature. Fortunately such 
results are now no longer missing.^ To this must be added 
. however, that all electrodes are manufactured articles, which 
are not capable of being produced of complete uniformity, 'fhe 
constants of these, (of proved material,) vary somewhat with 
the area of the electrode, but for practical purposes the varia- 

*See! “The Profwrtionlng of Electrodes for EurniiccH,’' A. I. hb K., April, 
1910, by Dr. C’iirl tiering. 
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tions of the constants at different sections of the electrodes 
may be disregarded. 

Hering, in his computations, assumes what is probably nearly 
or quite correct in most cases, namely, that the heat gradient 
through the wall is practically the same as that in the electrode 
through the wall, and if these two heat gradients are alike, the 
assumption is correct, that is, he assumes that the electrode 
is insulated throughout its entire length, so that the heat is only 
conducted away by the end of the electrode, which is on the out- 
side of the furnace and there usually cooled with water. He 
further assumes that the electrode has the exact same cross- 
section throughout its entire length, and that the change of 
conductivity with temperature follows a straight line. However, 
it may be said that the straight line temperature coefficient is 
not necessary for the correctness of most formulas, provided 
the correct average value is used, which he calls the “electrode 
mean value , neither an arithmetic nor geometric mean, but one 
peculiar to electrodes. There are, therefore, still some assump- 
tions which are not borne out by the facts, but are, however, 
necessary in order to make the conditions for theory and practice 
more distinguishable. 

With the assumptions as made, Hering shows the conditions 
as visually showm by Figs. 40 and 41. In Fig. 40, E E represents 
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an electrode, which is surrounded about its periphery with a 
complete heat insulator, so that only the ends remain free, which 
are for instance kept cool by means of water-cooUng. If we now 
send a comparatively heavy current through the electrode, this 
will heat the latter strongly at the middle point if,* until an 
equalizing condition occurs. As soon as this is reached, the 
entire Joule heat will be carried off at the cooled electrode ends, 
while no heat flow will occur at if. 

If we now cut the insulated electrode at if, in order to utilize 
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I)uth purlis as fliH lrodt's fi>r an cknlric lunuui', as il is scluanati 
fully slunvu by Fig. .ji, ihriv will In* no fhangf iu tlif situation, 
providfd tlu- furnacf has (he satiif tftnpfraturf which it fornu'rly 
had at //, assuming ol‘ toursc that the sanu* lairrcnl strength as 
before now llows thnaigh the electrodes. Ibuler lhe.se con- 
ditions also, there will be no lusit loss from the furnace interior, 
through the electrodes to the outside of the furnace. 

d'he condition given herewith is the ideal one, so that we 
may have only the minimum electrode lo.sses, with, of course, 
the tireviou.sly made assumj)tit»ns. 

Provided the ussumt)tions have the limitations as originally 
laid down, the hjsst‘s will he etjual to 
{h 

() -s -where {h etpuds that heat Io.hs, which would be 

carried from the furnace to the outside by the electrode, if no 
electric current were flowing, and eciuuls that lieat rpiantity 
which is stjlely and ultme generated by the current overcoming 
the electroile resistance - P r, 

('onsec[uentIy (h cA* r -j ; herec - 4. 18, a euustunl, which 

is used for converting gram calories Into watts. 

k “ the electrode mean heat conductivity* in gram calories 
per second by i cm. length and t sq. cm. crosS“Hection, 
with the temperature dilTerence appearing lietween 
the hot and tlie cold ek?ctrode ends. 

T » temtKjraturc tlifTerence between the hot and cold electrode 
ends. 

I » the length of the electrode in centimetres. 

I 

Furthermore, Qt ^ t ^ ^ 

where r denotcH the total resistance of the electroties. 

Pi » the mean electrical resistivity per cubic centimetre at 
the occurring tempt'rature difference. 

/ » length in centimetres. 
q sm crosi4--.section In sciuare centimetres, 

^The ‘'dwartKle h tliiU mwin viUiw which Jm the average value 

under eleetrwle rcmdltwmw m determlmMl iietuul remireh by Hering. 
See A. I. E. E., 1910, 
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We therefore obtain the total losses, which arc carried away 
from the cold end of the electrode, as 

O = 0i + ^ = 4. i8 />; T -f 4- — Pi A that is: 

The total energy losses carried oJJ at the cool electrode end, arc 
equal to the sum of the heat losses, which would occur if no current 
flowed through the electrode, plus half of the heat lost by means of 
the Joule effect. 

The losses are a minimum when the pure heat losses are equal 
to one-half those caused by the Joule effect, i.e., when 

4.18 k T~ = i^ Pi~. In this case the total losses are equal 

to the Joule heat losses or i^ r, and hence no heat would be car- 
ried from the furnace by conduction. From the equation for 
the minimum losses, 

4. 18 ^ T Pi — , it follows that 

^ I 2 q’ ' 


i 

I 


•345 « 



If this result is then substituted for — in the general equation 

for the total losses, we have : 

q 1 I 

Q — 4.18 k T ~ -\ pi—. In order to attain the minimum 

02 q 

losses we have the requirement 

Qmin — 2 .89 f V kr pi. The equation for shows that the 
minimum losses are determined by the material constants k 
and pi, the temperature differences between the hot and cold 
electrode ends, and the current strength. It is independent 
of the absolute dimensions of the electrodes, for of these it is 
only required to maintain a definite relation between the cross- 

. section and the length in accordance with the equation for 

If we substitute in the equation for Q,nin the specific electrical 

conductivity per cubic centimetre, x = — , in place of the specific 
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resist am e, we ohtaiu 

/y ^ r 

'Flu’s etjuatiuiii shows that tlie Unisl losses are Fixed for a eertaiu 
definite temperature on aeeounl of the relation l)elween the heat 
eonduetlvity and the eledrieal eonduelivity. accordance 
u'ilh (hix^ the best material for the electrodes is that which has the 
lowest rath of the heat eonduetmty to the eleclrieal eonduelivity. 

From the eipiaticm for the minimum losses, it follows that an 
increase of the temperature dilTerence between the hot and 
coltl electrode ends ordy intluences the losses in proportion to the 
square root of these dilTerences. 

If we again consider the equation, 

“l" ' " -845 ^ wt* see, that with a given material, a given 

eurrent strength, and a given temperature dilTerence, the elec- 
trode losses would remain the same for entirely clilTerent cross- 
sections, provided the proportion lietween the cross-section and 
the length remained unchangtal 

From this we now learn: // it be desired to save on electrode 
material when having a minimum of losses, then the electrode is to 
be made short as possible. Generally the electrode length is 
primarily tletermintnl liy the practical demands of the furnace 
operation, so that a certain minimum distance of electrode 
length cannot be exceeded, 'fhe length of electrode, therefore, 
having been tleterminecl, the crcma-Hection can be calculated by 

using the formula J . 

It is well to mention here that it cim be assumed that all these 
calculations only retain their full correctness, provided the 
electrodes are protected by insulation throughout their whole 
length. It may be repented though that the heat gradient 
through the wall is practically the same as that in the electrode 
through the wall, and, if so, the assumptions are correct. If these 
two heat gradients difftfr materially, then an increase of the cross- 
section, in die »me proportion to the length, causes a deckled 
increase in the electrinle surface and with it naturally an in- 
creaie of the heat loises. 
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From the derived formulas, it is evident that the ciUTent 
strength influences the size of the losses. Consequently, it would 
be requisite to have the smallest possible current at high voltages. 
Unfortunately, this demand cannot be fulfilled, without leaving 
the total efhciency of the furnace out of consideration, for it is 
always well to keep in mind that the electrode losses considerably 
affect the furnace efficiency, but are not the sole factors that 
carry weight with it. This point is discussed further hn. 

In place of the current strength in the formula 


1 

I 


•345 



we can insert the current density A 


t 

— , and obtain 

q 


i = 2.89 



This formula produces a combination showing the best con- 
ditions between cross-section and length together with a current 
density fit for use. This seems advantageous, because by over- 
stepping the permissible current density limits, it is very easy 
to endanger the furnace operation. On page 84 mention has 
been made of these tests by Hansen. However, this formula 
also has the disadvantage, that it determines the electrode length 
arithmetically, which is not fully determinable for practical 
reasons. And the value of this derived formula, practically only 
consists in bringing forth a clear idea of the conditions of an 
ideal case. This, however, does not infer that the above formula 
is the ideal case and is not considered so by Hering. It should 
be the ambition of every furnace designer to come as near to 
this as possible. 

In order to be able to utilize these rules and references, it 
is necessary to have useful constants for the different con- 
ductivities of different electrode materials. Fortunately there 
is now no lack of these at present.^ Even though only a few 
values are given hereafter, it must be observed that they have 
reference to a certain definite material, which just happened 


^ See A. I. E. E., April, 1910. 
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(o hr ior tlu-M- ilftcnniii.ititdi'N aiul that priKliuts I’rnni 
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After the relation for jis given, we can either assume the 

required electrode length as given (on account of the practical 
furnace requirements), and thereafter determine the cross- 
section, which could then be regulated by permissible current 
densities. We could, however, also figure from a given current 
density as a basis, and from the cross-section thus determined, 
calculate the electrode length, which would then have to have its 
practical applicability proved. 

Should we choose the latter method, we may calculate the 
cross-section based on a certain current density deemed per- 
missible, and based on Hansen’s values, for instance, for the 
electrode cross-sections of this material. The example cited 
was for 20,000 amperes. We then have: 


- 20000 

graphite = 86o sq. cm. 

23-25 ^ 

, 20000 . , . 

(= - ---- - 133 sq. inches) 


on account of the proportion, therefore, of y == 9, we obtain a 
length of 95 cm., or 37.4 inches. 

If we assume that this length is satisfactory to the furnace 
operation, then this same length will, of course, have to be kept 
for the carbon electrode, and in case a minimum of losses is also 
desired here, we would have for the parbon electrode cross- 

section (based on the calculated relation of -y- = 42.57) 

L 

q carbon = 4044 sq. cm. 

(= 1591 sq. inches). 

From this, with 20000 amps., we have a current density of 
A 


20000 


4044 


= 4.9 amp. per sq. cm. 


. 20000 

(= ^^12.5 amp. per sq.m,), 

which would show that according to the values given on page 82, 
these are sufficiently high, so that an enlargement of the cross- 
section would recommend itself, and perhaps a simultaneous 
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increase* in the clcctroiU* length, in i>rder tn slay as close as 
I)ossil)le to the inininiuni losses. 

Ilesitles this it is interesting to heeonie uccjuainted with the 
losses as they apjn'ar in the given e.Kainiile, either when using 
graphite or earlnai for the electrodes. 1'he eiiuation for the 
minimum losses was: 

{Kmn ^ A* r P, 

By substituting the values for graphite, we obtain * 36 
KW anti for carbon 17 R\V., /.f., assuming that the given 

constants are ctjrrcct, the hisses for graphite would be about 
twice as large as Umse ft>r carbon. 

'riiis condition, however, only holds good, when the electrodes 
are heal Insulated for their entire length as previously mentioned. 

In acconlunce with the values heretofore cited on page 82, 
for the usual current density values for electric arc furnace 
carbon electrodes, It seems that tlie tlgure of 7.75 amiis. per 
square centimetre (50 umjis. per sejuure inch), which Hansen 
gives, is extraordinarily higli. It Is therefore not advisable to 
use thest* figures, wdiich gives much tot> short electrodes for 
practical furnace constructions, as the example showed. It is 
better to use those values given on page 82, which simultaneously 
take into consideration the influence of the electrode cross- 
section enlargement, 

I'he figures given in the following tables are from tests made 
by Hansen and published by him. On the one hand for graphite 
electrcKles made by the International Acheson Graphite Co., 
and on the other for c^arlmri elcctrmles miwle by the National 
Carbon Co.; these may show the influence of the cross-section 
enlargement on the material constants even a little better. 

AcIIKHON CiRAPHlTK ElKCTRDDKH 

Hlima {(•‘r In. imbe 

tKKi.ya It) .wm )366 
(KKqoO lt> .(KK>43<) 
(kk) 37H to (KHI397 
(KK»33i t«) .(MK)335 


OluBwter «r 
Crtm-Sif'tiiw 


» RniisiirtrH'f* 
t^mn rw. i-ute 


Otewrtrr nr 


5.t)8 em. fliam. miCKiaio alndiMtlmrn. 

7.6a cm. dkm. t»iui3 ikho*) 3 inchca tUarn. 
to.i 6 xm.itmi,ci»k .iKicKgHo jkikh 410. X4iri. 
I5.a4xi5.a4m1.r111, .ikk»H 4 . til .{kk»S 5 I 6i«. xfiin. 
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These measurements were made at a temperature of 25° C. 
With increasing temperature the resistance of graphite falls 
as is well known. According to Hansen, this is as follows: 


At 

a 

25° 

0 

‘ 400 

Cpntigrade 


c: 

0 

0 

00 

CC 

81.5% 

(C 

1200° 

a 

66% 

cc 

1600° 

cc 

6$% 

(C 

2000° 

CC 

68% 

a 

2200° 

cc 

69% 


For carbon electrodes Hansen found the following values de- 
pending on the cross-section: 


National Carbon Company Electrodes 


Size of 
Cross-Section 

pi = Resistance 
in ohms per ccm. cube 

I Size of 

1 Cross-.Sectiou 

P8 = R(*si.stance 
in ohni.s jicr incli cube 

10. 16x10. 16 sq.cm. 

.00457 

! 

4in. X 4 in. 

.00180 

15,24x15.24 sq.cm. i 

. 00856 

6 in. X 6 in. 

.00337 

20.23x20.23 sq.cm. 

.00594 to .0071 

8 in. X 8 in. 

.0023410 ,00279 

45.72x45.72 sq,cm. 

.014 to .0254 

18 in. X 18 in. 

.00551 to .0100 


Referring to the last of these values, it is well to note that this 
test was made on an electrode delivered 4 years ago, and it is 
possible that better results have been attained since then, for 
large electrodes.^ 

Hansen also made some investigations with carbon electrodes 
in order to determine the influence of temperature. He found 
that, with an increasing temperature, the carbon continually 
proceeded to graphitize, so that after the electrodes had cooled 
down, the original figures for the specific resistance no longer 
held true, but were, instead, much better. 

The following table shows how the specific resistance of the 
cold carbon electrode falls, in case the electrode has been pre- 
viously heated to the temperature shown in the table : 

Mn 1916 the National Carbon Co. state that their "Steel furnace elec- 
trodes have a resistance of about .0025 to .0030 ohms per inch cube.” 
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Men* llu* last approm lu’s that vvlui h would hu oblaiiu'd 

with ^rajshttc cductrodfs uudur the saitu* fonditions. 

Ik'.sidfs, Iliinst'H KivcH a>an avuragu tigurt* of many U*sl.s made 
with roitumrrrial uarhon rluclrudc’s wluai hratud to 1200“ a 
resistam'u value i*(|ual t(» (m [rt (cut. of that nieaHurwl in the 
cold state. 

After the electrtuies have once been in operation, the uni- 
fornuty of the inalerial constants disap})ear in all parts of the 
cross-section or the length, owing to the uneven healing of the 
carbon thnniglnnit its entire length. On this aecount ilansen 
take.s the practical re.si.stancc at 1200“ at only 40 jicr cent, of 
its cold hgure. 

As for the rest, we again point to (he figures whitdi were usetl 
in the arithineticul example on [>agi' 7(1. 

d'he remarks regarding the best dimensioning of tlu' electrodes, 
have a certain pructh/al signilicancc, and that is why they have 
l)een diHcusstal here. It is well to be warned, though, that loo 
great stress Ise not plat ed on lliese theoretical ot)inions. 

It Is to be noted that the derived formuhr are only Hlrictly 
accurate for such cases. wlu*re the electrode is protected from 
heat losses lietween its lu»t and cold ends and that this case 
never ap|H*ar.s in |)rarlise. It is further to be observed, that the 
oiHjration of our arc furnaces necessitates a sliorlening of the elec- 
trodes, and con.set]ueritIy considerable (‘lectrode lengths at)t)ear, 
which are not taken into consideration in the* formula, beeause 
they lie outside of the water cooling. Kurthentiore, the formula 
are not the only measure for the lo.HHes whidi actually a|)f)ear in 
arc furnaces, irrestHHlive c»f the r(‘strictions just madic Besides 
the {Hire radiating losses, there are ft>r instani'e the contuet losses, 
where the current tarrying copjaT imnductor clam{)S onto the 
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electrode. And above all it is a noticeable fact, that on the one 
hand, the size of the cross-section is of the greatest induence on 
the efficiency of the furnace, while on the other we see that the 
electrode length is primarily settled by practical considerations 
accompanying the furnace operation. 

We see, therefore, that just this relation l)etween cross- 
section and length of electrode, which is of striking importance 
in accordance with the formula for the mininuim losses, cannot be 
freely determined according to the arithmetical values. After 
all, the benefit of the calculation for the minimum losses lies in 
the fact that it alldws us to ascertain the heat dimensions which 
lie between the given limits of practical requirements, that we ' 
may come as near them as possible. 

Turning again toward the practical side of the electrode 
question, we find an interesting work of Hansen's, which deals 
with the burning away of the electrode or electrode consumption. 

This question is, of course, of equal importance, as the striv- 
ing after the least electrical losses, or a high efficiency; for this 
point is of considerable influence on the operating costs. 

The consumption of electrodes may occur: 

1. In the worst case when the electrode brc^iks; 

2. By the arc formation which causes a gasifying of the carbon 
and 

3. By oxidation. v 

Those under the first heading, •v^ch are by far the most 
unpleasant, seldom or never occur today, as long as the cross- 
section and lengths used are not too large. Too large cross- 
sections are always to be avoided, so that if high currents cannot 
be avoided, it is better to use graphite in place of carbon elec- 
trodes. Furthermore, it is to be observed that a new electrode 
must not be placed in the hot furnace in its cold state, as small 
particles are easily liable to crack off, on account of the great 
prevailing temperature differences. It is therefore commendable 
to heat the electrodes slightly before placing them in use. 

The losses under the second heading arc self-evident and 
unavoidable, so that nothing remains to be said about them. 



On tlu' contrary a niiuh ^rratfr iutiTi'sl inaniUsls itsOf in 
the t'ltrtrmie c onsumption on oi tount of the oxiilation, 

,\toissiin found that amorphous larhon ctuunumrus ti> oxidi/.i* 
at as low a tomporatiire a^ to 41)0' whiaa-as fjjraphitc lirsl 
hfgins to oxi«ii/.o at tcnnpta’aturos of 605 to tap" (', 'Thust* valuus 
though wtTu tihsorvod with powdurod niati'rial and not with solid 
rods.' I-'inully, C Fitziimtld, aiul Johnson nuiinlain that 
graphite possesses a greater resistivity aguittst oxidation than 
earhon does. 

C’ontrar)’ tt> this. Hanson observed tluit the losses with 
graphite eleetrodes are greater than tho.se with earhon electrodes. 
In making these tests, graphite rods of the AcMsmi GrapMk Co., 
and carbon rods td the Xailonal Carbon Co. were used, d'he 
reason for the higher consumption, when using grai)hiLe rods, 
as given liy Hansm. is tluil at tettii>eratures of 1400 to 1400^ C’., 
the grapliile partic'les cracking t)!! are so large, that sonic of 
them eould be pitked up uneonsumed. I’liis phenomenon 
disappeared when tlie heating oeeurred in carbonic add 
gas, which prove.s that tlie cracking off of the electrode 
t)urticle.s, when using graphite, leads us back to the oxidis^ing 
influence. 

'rhls investigation show.H that it is impoHsible to accurately 
' (letermine In udvarue just what the electrode conHumiition will 
be. For this is s«j dejamdent on all oxitlwing Inlluences, that 
even the tight or less tight closing of the working doors, or the 
piercing of the eleidnales through the furnace roof, or the working 
in a more or le.ss reducing atmo.Hphere, may cause considerable 
changes in the electrode c;onHum|)tion. 

Oxididng losses not only affect the electrode consumplitin, 
but the power consumption of the furnace as well, i.e., the 
efhciency. This is evident from the following tests. 

Hansen operiitwl a small IMroult furnace of 150 kg. (340 
lbs.) capacity, with graphite electrodes of 10. i6x 10.16 stp cm. 
(x6 sq. inches) crasH^Htalbn and 106. cm. (40 inches) long. 

valu«*«, howvvtr, tjiiiif rflwtrle sintH* m> fitu) rlaiu jiubliHlu'il 
from ebctrritio fitMnuf,ii« liiror*! whkh givr tho tt*ru{K*niturc* of oKulatinn irt nlr 
at 640® C,, and 500“ for grajihfte ami tarl»nn. 



Later on a similar furnace was ()i)eratc(l, but for 300 kg. 
(660 lbs.), having the same electrodes. It was established here 
through various tests, that the power consumption of the larger 
furnace had the ratio of 1.2 to i compared to the smaller fiirnac-e, 
even though a larger furnace usually has comparatively smaller 
thermal lo.sses than a smaller furnace. After gra[)lule electrodes 
of 15.24 X 15.24 cm. sc[. (36 s([, inches), and lor.d cm. (40 inches), 
long were used, the larger furnace gave a somewhat better power 
consumption than the smaller one. 

The tests further showed that thi^ power con.sumi)tion rose, 
as soon as the electrode (the end toward the molten metal) be- 
('ame more and more pointed under the oxidizing inlluences. 
I'he dilTerence in power consumption when working with the 
full cross-section comj)ared to the openition witli a pointed one 
was as much as 30 per cent. 

This test, as well tis others made with various electrode cross- 
sections in the 300 Kg. (660 lb.) trad funiacts sliow tliat a largtjr 
cross-section causes a decrease in the losses, 'riiis may be 
primarily caused by the fact that a larger cross-. sect ion permits 
a more favorable dissemination of energy throughout the whoU* 
charge, aiul furthermore, because the full and larger electrode 
cross-section acts as an umbrella, which t'onsidi'rably lessens 
tile heat radiation toward the furnace roof, 'I'lie uttibrella 
action of the electrode also has the additional advantage of 
keeping the roof from deteriorating loo rapidly. This, however, 
changes as soon as the electrode takes on its j)ointed form. 

Hansen established that a more or less strong shaqiening to a 
point of the electrode oc'eurs in all arc furnace.s, under the oxidizing 
influence which lakes place during the working period, 'I'he trials 
carried out to protect the electrodes by .suitable coverings of car- 
bomndum, water-glass, etc., against the oxidation, have not been 
successful, for it has not been possible to make the covering 
durable with the t)revul('nt temperature ditTerences, occurring 
during the furuace operation. We, therefore, have to figure with 
a certain burning away of all elec'trodes, owing to the oxidatioiu 
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Asi(k‘ from itu* Lhrco whii h liavo so far l)irn 

to (li'tt'rmiiu* tlio t'Kairudt* cimsumpliou, Ihon* must still la- 
nn’ntioiu'tl tlu* athlitiimal lt>ss oausail by tlu* stub cmls, 'I’ln* 
length of this stub eml depemls largely mi the distam e between 
the molten metal and the furnaee roof. Reeently newer methods 
have been deviM'd whieh now render it possible l»> attaeh tlu* 
eleelrotle remaind<*rs to the new I'leetrodes, thus assuring a most 
eomtilete use of the eleetrtule material, 'rids is gone into further 
in the chapter on ijie Ileroult furnace. 

During the discussion of the t*Ierlrode conditions, vve havt* 
often compared the grajihite with the carbon electrodes. Is 
therefore one recommended above the other? 'Fo this tjuestion 
this rejdy may be giveti: (Jraplute electrodes mainly have the 
advantage of greater resistivity, and greater mechanical firmness. 
'Fids advantage, though, must he purchased at a far higher 
l>riee, compared to curlnni eli*ctrodcs. Large electrode surface.s 
tend to save I'liergy. and conse(jiu‘nlly it is he(t(*r to work with 
low current densities, for the graphihi,y*le<‘lrode lo.ses its im 
tmrtance, /. c., its high electrical conduHivity, whereas its 
disadvantage of a high heal t oiuluetivily falls heavily in the 
halance, sti that the* graphite electrode always has a lesser 
eilieiency than the eurlnm electrode (see page cj.}). 

Fronrall this it is nt>iuirent. that one would at lirsl endeavor 
to utilize carhoii electrodes, at least as long as these ran still 
he made of good «[uality and at the {lesircd eross- sect ions. It 
is only with the largest furmues, where the cross sections would 
become so large, that uncertainties would enter the operation, 
through breakages, for inslanee, that one would l>e willing to 
IHJcket the disadvantages of the gratdiite electrode, in ortler to 
gain the important advantage of tletinite and sure otierating 
conditions. 


THE ELECTRODE COOLINO 

Previously when discuHsing electrode conditions it was 
always assumed some water cooling would he arrangt*d at the 
place where the eleetrtKle leaves llie furtuue roof, by meaiiH of 
which it would he possihlej to lower the temperature of the 
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electrode as much as loo or 200" C. It was also shown that the 
electrode material may occasion considerable losses on account 
of the oxidation, and this gives us the first reason which forces 
the application of electrode cooling ui)on us. 

If insufficient cooling was provided, so that the electrode, 
where it issues from the furnace, is not cooled below the tem- 
perature, where the oxidation begins, then the unavoidabU' 
oxidation in the circulating atmosphere would considerably 
reduce the cross-section. This would be followed by an incri'ase 
in the electrical resistance, hence a stronger heating up of the 
cross-section already weakened, and therefore an increasing 
lemi>erature with increasing consumption, so that in the shortest 
space of time a change of electrodes would be re(|uired. 

If an intensive water cooling is already unavoidable, this 
will simultaneously act protectingly on the uniformity of the 
furnace oi)eration. d'hus the contact arrangements which 
connect the copper conductors to the carbon electrodes are kept 
from being destroyed. Supiiosing we assume that the electrode, 
even outside the furnace, has a comparatively high temtierature 
as well, then there would be such an increase in the heating of 
the contact pieces, that their hold on the electrodes would lie 
loosened, and with other designs they would burst, so that in 
both cases the furnace operation would fail, on account of a 
break in the electrode contacts, ({uite irrespective of any damage 
doiie by the llamcs shooting through the roof, where the elec- 
trodes enter. 

The water-cooling device is also responsible for the long life 
to-day of the arc furnai'e contact clamps. At the same time, it 
fulfils a third and very important puriiose. It was shown in 
Chapter 11 that all refractory materials used in electric furnace 
construction are conductors of the second class, and as such 
obtain higher conductivities with increasing temperatures. This 
also holds for the brickwork between which the electrodes of arc 
furnaces lie. It is apparent that these roof bricks become more 
and more conducting with increasing temperatures, whereas they 
can be regarded practically as non conductors with low or even 
moderate temperatures. In order to avoid a strong oxidation 
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of llu' ('U't'lnnk's, and It) allaiii ll\o btst possihli’ llmnnal tMli 
cieucy, il is nt'cnssary It) liavn llu* tiosnst lit wlicrt' llu' I'kairtxlas 
protrude through Ihe I’urnai'i' roof. 'I'hus, it is ininu'tlialt'ly 
apparent, that when the roof refraelories are little resistant, 
when their leinptTalure is high, then the small spaees between 
the eleetrodes and the surrounding roof brieks are easily bridged 
over with tiny ares, whieh in turn cause currents to How through 
the refractory material from one electrode to the other. 

'Pile current llowing through the brickwork will be higher, 
as ihc! voltagt' incrt'uses between the dilTerent electrodes, as tlu‘ 
distance between tlie (‘lectrodes becomes less and the lemt)eralure 
of the brick wt)rk between the electrodes rises, dliat these 
currents flowing througli the refractory material may be of great 
importanci* is shown ij\ an article by Coussergues after .seeing a 
Stassano furnace. Tn a onedon furnace, when the arc was 
interrupted and the voltage was 120, there was still a current of 
300 amiHTes flowing through the brickwork from electrode to 
electrode. It is to he noted here, that the entrance of the 
electrodes to the furnace is provided with water -eooliug contri- 
vances. If an attempt were made in such a case as this, to do 
away with the water-cooHng, then the temj)erature of the brick - 
work in the neighborhood of the electrodes would rise consider- 
ably, the resistance between electrode and electrode would 
thereby further decrea.He, and still stronger currents would 
traverse the brickwork. The result would be a considerable 
increase in the energy consumption, while a strong heating 
ensues at the wrong place, and at the same time there would 
l)e a quick destruction of the very highly heated roof due to the 
current flowing. 

In accordance with the foregoing, it is established that the 
utilization of water cooling with arc furnaces offers important 
operating advantages, even though there is, of course, a certain 
heat loss on that account, which is unavoidable up to certain 
limits. Aside from this there is still, under some circumstances, 
a small electrical loss, which may appear when currents from the 
electrode fmd their way to the celling chambers, and arc thence 
grounded by the water. 
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THE ELECTRODE REGULATION 

In discussing the arc it was shown that it can only be main- 
tained, provided a certain distance between the electrode and 
the bath, or from electrode to -electrode in radiating arc furnaces, 
is not exceeded, as otherwise the arc will be interrupted. It is 



Fig. 41 a. 


therefore necessary to watch the length of the arc. This is easily 
accomplished with the aid of a voltmeter or an ammeter. The 
electrodes are then regulated in accordance with readings of the 
controlling instruments. 

Even though a manually operated regulation of the electrodes 
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is possibU*, as, for instiuux’, wilh llu* Stassanu or Roinu'rfi'll 
furnace, we iincl the equipment with aulomatii' regulation, as 
used in the arc furnaces of Ileroull and (lirod to-day, has 
several advantages. 

In both cases, /.c., either hand or automatic regulation, this 
is accum})lished wilh the aid of gears, which ari' often driven 
by an eieclric inotta- in (nder to handle them faster and mort* 
ac'curately. In accordanct* wilh the indications on the measuring 
instruments, the motor is started either to the right or left l)y 
throwing a double-throw switch, which either raises or lowers 
the electrode. 

^I'he (ieneral Electric electrode regulator (see Fig. in- 
vented by Setde, has especial advantages from the standpoint 
of simplicity, relialnlity, and low ret)air costs. 'Fhere are no 
moving i)art.s to get out of order, and the few replacements are 
taken from standard ecjuipment, few in number, and can be 
(jiUickly rejdaced. 1'he regulation given by this device is as good 
as can be had, many hundreds of these regulators giving evi- 
denc’c of this service. It is .so arranged that besides automatic' 
regulation there is also push-button control of the motors, and 
independent hand regulation. When automatically oi)erated, 
the speed is low, whereas when hand regulation is resorted to 
the si)eed is high. Both of these, however, are variable. I'he 
furnat:e kilowatt input may also be quickly varied. There 
are suitable relays to prevent saturating the bath with carbon 
in case the electrode circuits arc opened. Fig, 41 ^ shows the 
electrical connections. 

The 7'hury regulator^ invented in tBqS, is also used for this 
automatic regulation. It is made by Alellers //. Cuinod, /1 . 6 '., 
at Chaklaitw near Geneva, Swibserland, and in the United 
States by the Westinghouse Electric and Manufacturing Go., 
Pittsburg, Pa. 

The principal part of a Thury regulator is an electro-magnetic 
scale, which is balanced when the current and voltage cemdi- 
tions are normal. When deviations occur in the normal circuit 
conditiona, they throw the lever out of balance. These scales 
are used then to throw a switch to either one side or the other, 
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SO that the current for the driving motor enters it either from 
one or the other side, thus bringing about the corresponding 
motion of the electrode. 

The switching mechanism of the old Thury regulator consists 
of a small constantly running auxiliary motor, which moves a 
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Fig. 41 

lever back and forth. This lever engages a suitable pawl and 
ratchet mechanism so arranged that when the electro-magnetic 
scale is not in balance, it releases one of two pawls which 
then catches the teeth of a wheel, and causes it to revolve in 
one direction or another, by the aid of the pendulum motion of 
the lever, carrying the pawls, at the same time the shaft of 
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tins lath'f \v1h'{‘I larrit's thf switrli, whirh opcraU's the driving 
tnolnr. 

Tlu’ ck'c iHi niagiu'lif scalfs, wliich bring about tin* (U'sirod 
regulation, are built for lither direct or alternating current. 
It ojH'rates a> a volt, anip(‘re, watt ur ohm meter and is pro 
vitU'il with a regulating resistance, which allows the oiierating 
conditions of the furnace to be changed at will 'Die dou])le'’ 



Pia. 43. 


throw switch which controls the driving motor is either single 
or ckml)k* tmle. I’he current is broken between an adjustable 
copper piect* and si block of curlKin of generous dimensions so 
as to e(|uali/,e the burning away of the contacts nr to lengthen 
the time of camtart 

tf several furnaces are to be automatically regulated, only 
one driving motor is rectuired for all regulutt)rs. 'I'he api)aratus 
are then mounted on a switchboard, which also carries the con- 
trol instruments, such as volt and ammeters. 
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llic regulators arc also provided with a manually operated 
switch, which cuts out the automatic regulation, so that hand 
^^K^l^^tion ma}' l)e resorted to, 1 he motor dri\'e lor the pul}e\'s 
is kept, however, which is oftcai very desirable when using hand 
regulation. 'I'liere is a train (.f gears, of which a pinion and 
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rack either raises or lowers the electrodes. 1'he electrodes may 
also be suitably set by the aid of cables or chains. The weight 
of the electrode and its appurtenances may be partly equalled 
by a suitable counterweight. 

The new Type B regulator here shown, Fi^. 4a and 43, i.y 
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an improvement over the old type Thnry . In the ■ old model 
many of the parts subject to wear became out of adjustment, 
and to obviate this, all parts which, when worn, throw the 
machine out of adjustment, have been eliminated, thereby 
making the new regulator better than the older type. 

Some of the more important changes are as follows: The 
reciprocating motion is now obtained by means of a set of 
spiral gears operating a crank pin and block, which latter slides 
between two guides connected to the rocking lever. This 
principle of motion brings the movement in a direct vertical 
line so that wear, if any, is equally divided and the dogs will 
always engage in the ratchet wheel. 

The entire movement is enclosed in a gear box and runs in 
oil, so that wear is reduced to a minimum. The gears have a 
ratio of about 2^ : i and the driving shafts of each regulator 
are coupled together by means of a flexible coupling. This 
shaft replaces the countershaft and pulleys of the old type. The 
carbon contacts have been replaced by copper contact fingers, 
so arranged as to have a good wiping contact, each contact 
being provided with blowout coils. The neutralizing arm is 
now made straight and provided with pivot screws to take up 
wear. The knife which engages the pawls is so arranged that 
coarse or fine regulation can be obtained with very little trouble. 

All parts requiring adjustment have been made easy of 
access. The whole apparatus is built upon a panel and units 
can be added as desired. The units are enclosed in a fire-proof 
steel case and this is mounted on a pipe structure which also 
carries the rheostats and controllers. 

The foregoing has briefly discussed the more or less common 
phenomena and appliances of arc furnaces, and hereafter some 
of the various designs of arc furnaces will be gone- into. The 
most important things of arc heating may again be briefly 
stated here. 

In all arc furnaces the heating of the bath is brought about 
practically exclusively by the arc itself. There are always tem- 
peratures of about 3500° C., occasioned by the arc. Even with 
a moderate heating this temperature carmot be avoided. 
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Borchers, in his 1908 address before the “Verein deutscher 
Eisenhtittenleute,” said about this: 

“In arc furnaces there may be many arcs, the arcs may also be brought 
in more or less great distances from the bath, in order to bring this to a tem- 
perature of less than 3500° C., but 3500° C. is always generated at some 
restricted places, and we must operate downwards from this temperature.’’ 



R— Regulator 
S— Solenoid 

CR-Auto Device Contacts 
IG-Main D.P.Switch 
CG-Fuses 

RP-Motor Rheostat 
C — Controller 
RA-Reffulator Rheostat 
F— Electric Furnace 
I M -D.P.Motor Switch 
CM-Motor Fuses 
M R-Motor Driving Auto Reg. 
T- Current Transformer 
A— Ammeter 


Fig. 43 a. Connections of Thury regulating system. 


The automatic electrode regulation brings with it decided 
advantages, all of them tending to reduce the cost of opera- 
tion and increase the daily tonnage. This is apparent when 
it is considered that a well-designed machine operates with 
greater regularity than a man, needing only a little oil, an 
occasional adjustment, and the replacement of a small part 
now and then, in order to have it function properly, whereas 
a man does not always feel the same on Saturday night as 
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on Monday morning. 'rivt* kw.-hrs. por Ion aro loss, I he 
refractories last longer, the electrode consumption is less, the 
overhead charge diminishes as the output increases- and all of 
these advantages for only $2,500 more per furnace. Even 
though the increased output is only 5 or lo^er -sometimes it is 
more the advantage of having automatic eleclrtule control is 
well recognized, and is found on practically all arc furnaces 
to-day, excej)ling some of the smaller ones of jj-ton or less 
capacity per heat. 

Rl-n-ERKNCKS 

" I.nwH of Electric l-om-a in Electric EurnaccB.” Tranmctionn A. E. S. 
in(K). P. Hering. 

“ Detcrrninatioiw of the Cunutunlh of Materials for ICIcctrodc Lohscb,” 
Trutmtetionsi A. IC. S. 1910. 1 *. 151. Hiring. 

" DcBigii of Ihtrnacc Electrodes," Klciirual ]Vurld, June lO, tnio- 
1 luring. 


(rilAPTER VII 

THE STASSANO FURNACE 

It was shown in Chapter VI, that among the better known 
electric furnaces, the Stassano and Rennerfelt furnaces are the 
only ones which are exclusively operated by arc heating. We 
may, therefore, also refer to them as radiating arc furnaces. 

It was Slassano^s original ambition to build an electric l)last 
or shaft furnace. His object was primarily to use profitably the 
rich ore fields of Italy, where native coal is scarce. 

His first patent, issued in 1898, in England, is liased on the 
following claim: “The utilization of caloric energy of the 
voltaic arc for primary determining the reduction of oxide of 
iron and the metals to be combined therewith and afterwards 
melting tire metallic masses reduced, for the iiurpose of obtaining 
in a fluid state the product desired, all substantially as set forth.” 

The furnace which Stassano suggested for this trial is shown 
by Fig. 44 in plan and vertical cro.ss-section. Without describ- 
ing the first design of this furnace at length, it may be briefly 
said, that Stassano laid great stress on the point that no air was 
jicrmittcd to enter the furnace. With a furnace of this kind 
Stassano made his first tests in Rome. With 1800 amperes at 
50 volts he succeeded in producing 30 Kg. (66 lbs.), of metal in 
one hour. 

As a result of these trials, a furnace plant for the direct 
reduction of iron ores was erected at Darfo, in Lombardy, Italy, 

Despite several changes in the construction of his furnace, 
Stassano, though keeping his method of heating, was not able to 
give any permanent life lo his electric .shaft furnace. When the 
Canadian Commission made their observation trip in 1904 the 
installation at Darfo was no longer in existence. 

In the meantime, Sta8.sano had forsaken the original design 
of the shaft-like construction, and instead built a hearth furnace 
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with an incliiu'd Ijottuin as shown in Figs. 45 ami 46. This 
furnace in which the ore was charged underneath the arcs, in- 




Fio, 46, 

stead of at the top, as in his shaft»like furnace, was intended for 
both the reduction of iron ores to pig iron, and the refining of 
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pig iron to steel. As the figure shows, the furnace was meant 
to have three pairs of electrodes, which could all be used at once, 
or singly, for striking the arc, so that the temperature of the 
furnace could be regulated. 

But even with this suggestion for a pure arc furnace Stassano 



could not achieve success. He was however able to make a 
new furnace installation at Turin, Italy, in which he first used a 
rotating furnace. This furnace was patented in all industrial 
countries, and dated about the year 1902. As this furnace is 
in use to some extent today, it will be discussed in detail, showing 
as it does the first known furnace with purely arc heating. 
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Figs. ,|7 unci 4S show tlu' fnriiaiH* in vc'rtiful uiul horixnnlal 
cross scdion. It is wvy evident from the claim of Stassaiio’s 
jnitcmt tlial lu* laid {nrtic ular stress on the motion of the molten 
metal in the furnace. 

.\s the drawings show (h'igs. 47 and 48), the rotary arrange- 
ment of the furnace necessitLites a vertical cylinder. 'Flu* shell 
of the furnace' is i-onstructed of sheet irnin and is conneeti'd at 
the lowc*r part, near the bottom, with a strong ring“Shai)ed carrier, 



which in turn rests on rollers. I'he motion is usually transmitted 
by gears driven by an electric motor. At the middle of the 
furnace bottom, axial to the direction of the furnace, we And 
the current and watca* sujiply. 'Fhc current is brought in by 
means of brushes and slip rings, such as arc found on any poly- 
t>hase motor. Idle water cooling, which is brought from the 
Iked to the movable part l>y suitable means, is needed for two 
purjawes with this furnace. First, it serves as cooling water 
for the clectrode.s, amt again as the water under tiressurc fur the 
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electrode regulation. The figures show that the furnace hearth 
is covered with a double sort of roof, which is not readily re- 
movable with this type of furnace. This arrangement allows 
the heat protecting qualities of the brickwork to be utilized to a 
great extent, and, as a matter of fact, this method is said to give 
an extraordinary heat insulation, which can even be bettered 
by inserting layers of lime or sand. 

Fig. 47 shows an outlet in the upper part of the melting 
chamber, allowing a free escape of the gases which are generated 
during the reaction. This outlet pipe is surrounded with a sand 
filled covering, into which it dips at its lower end. This pipe 
does not take part in rotation of the furnace, but is kept in place 
by suitable means. 

The gas removing system again betrays the ambition of 
Stassano to smelt ore, and serves to protect the furnace com- 
pletely from the entrance of outside air. As a matter of fact, 
however, this furnace did not give satisfactory results for smelting 
ores directly. On this account this furnace is today used only 
for the working up of scrap or for refining hot charges. 

In such cases, therefore, this gas flue falls away, as in the in- 
stallation of duplicate Stassano furnaces at the Bonner Maschin- 
enfabrik, Bonn, Germany. The hearth here has also been given 
a hexagonal shape, whereas Fig. 48 still shows the round form 
as used by Stassano. 

The bottom of the furnace consists of Magnesite brick, ^ 
as does also the double form of furnace roof. The insulating 
layers of furnace refractories are partly comprised of tamped in 
material. The furnace is provided with a door for watching the 
metallurgical work, for charging the metal, adding the slagging 
materials and rabbflng it off, for taking samples, etc. Besides 
this the furnace bottom is supplied with a tap, through which 
the finished material flows. 

The most essential and most important furnace part is, of 
course, the arrangement of the electrodes. As the furnace may be 
built as well for single phase as for three phase, it would have 

^ According to Stahl und Eisen, page 1066, 1910, the side walls and bottom 
are said to have lately consisted of tamped in dolomite. 
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two or Ihrt'f t*k‘t'lr(K!t*s. as tlu* cast* roay 1 )(\ 'I'lifsc pierce the 
furnace walls as is plainly shown in Fi^^s. 47 and 48 and form 
an arc or arcs in the middle of the furnace which heat the luith. 

Stassano laid great stress on the dnipi of bringing the dec- 
tmks thrtmgh the furnace. 'Hie electrodes enter the furnace by 
first jiiercing double walled cylindrical chambers. There is a 
circulation of water in the space surrounded by both walls, in 
order to keep the lemtierature of the outer electrode portion 
down. Hiere is a regulating cylinder over each cooling cylinder, 
the former aiding the setting of the electrodes to any desired 
point. 'Fhe piston rod is connected at il.s outer end by means 
of a sliding guide rod with the one end of another rod, which 
carries the electrode* itself at the other end, which latter end is 
in the ctmling c'ylinder. In order to better .show this arrange- 
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ment, the whole design of this electrode regulating apparatus is 
shown in Fig. 49 on a larger .scale. 

The regulating of the clectrtKles m accomplished without 
any automatic regulating apparatus, hut is accomplished manu- 
ally by the aid of the hydraulic cylinder. Any common water 
pressure of 4 or 5 atmosphertm (60 or 75 lbs.) can be used, so 
that no special water pumps are needed for the electrode regula- 
tion, The current carrying |>art« are naturally easily and well 
insulated electrically from the furnace shell, as short circuits 
would othtwise occur through the furnace walls. Stassano 
did not kxik with favor ufK)n any automatic regidating appa» 
ratus for hh electrcKles, and Osam who studied the operation 
of the vStasmno furnace in detail gave the following reasons in a 
report in SlaM und Eism, 1908; ‘*An automatic regulating 
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arrangement would be complicated in any event and would not 
be advisable if for no other reason than this alone because the 
electrodes are withdrawn while charging; besides this, an elec- 
trode breaking off now and then is not precluded, and this frag- 
ment must be removed quickly. This is simply and quickly 
accomplished by calling to the man who watches the three 
ammeters, and operates the three corresponding levers which 
control the hydraulic cylinders for the electrodes. The electrodes 
can be used up until the remaining stump only protrudes .i m. 
(4 inches). Then they are changed, and this change takes only 
from 3 to 5 minutes, all of which, I have personally assured 
myself.” 

We now come to the behavior of the furnace during its 
operation. As already mentioned, the electrodes are withdrawn 
when the furnace is being charged. When the -furnace is about 
two-thirds charged, the electrodes are brought together, to 
again form arcs and are then regulated by watching the needles 
of the ammeters. The charging of the furnace with scrap takes 
about 15 minutes for a i-ton furnace, and the setting of the 
electrodes thereafter, takes about two minutes. As soon as the 
first scrap is melted down, the remainder is charged on top of 
it, but this time without withdrawing the electrodes, f.c., without 
any interruption of the current taking place and working with 
the utmost speed, so as to avoid all radiating losses. The slag- 
forming materials are charged in the usual way, and the dephos- 
phorizing slag is likewise removed after the dephosphorizing 
period is over, similar to the practise with any other electric 
furnace. In order to easily remove the slag, the furnace is 
turned far enough so that it may be conveniently removed 
through the door. This is possible as the furnace axis has a defi- 
nite angle of about 7° from the vertical, so that the door assumes 
different positions toward the bath surface during the turning. 

After this general characterization of the Stassano furnace, 
we turn to one of its definite examples, viz.: the duplicate furnaces 
at Bonn of i-ton size, being one of the 1910 Stassano furnace 
installations. 

These i-ton furnaces of 250-HP are built for three-phase 
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cum'iil; no volts is iwfdcd to oporuli* them. I'he eurrenl is 
sujiplied from :i distant etmiral station at an ineoinin^^ volla^^e 
of 5.'cx''). I'his voltuKe van. of eourse, not I>t‘ used dina tly in llu' 
Stassnno furnace, ami is i {>n.se«|uen(iy transformed in a sepjiratt* 
tran.sformer, removed fnmi tfie furnace, and stetJped down ((» (he 
aforesaid no vtilts. Durinjj: (he normal operating eomlition, 
the furnace takes from looo to i loo amperes at 105 to no volts, 
and this current is field as steatly as possible throughout the en- 
tire operation. 'I'he Stussano furnace having a very good jiower 
factor, (as high us .c^ to .115 per rent.,) the energy eonsumplion 
for this i ton three phase furnace is 1.73 X 1 100 X no X .95 « 
igH.86 Kw., or say, 3oo Kw. 

It is neiTssar)’ to have a man watch the electrical conditions, 
lie regulates the arcing distances of the electrodes, liy means 
of the levens controlling the liydraullc cylinders, and watches 
the ammeters, one of which is in c'adi phase. I'he rotating 
motion of this Stussano furnace in Bonn is transmitted by means 
of a 5 HP motor to a tight and loose pulley, eonneeted hy a 
shaft to gears, one of whic h is a |>arl of tlu* furnuee, 'Flu* cdectrode 
diameters of all Stussano furnaces are kept down as much as possi- 
hie, so that the work is t'urru*d on with comparatively high cur- 
rent densities. In furnaces up to 5CX5 HP, electrode diameters of 
80 mm. (3.2 Inches) are used. According to an articles hy Cons- 
serffues in the* Revue tie Meluilurgie, tins dianuder is also used 
in larger furnaces up to looo HP. In this casts however, the 
electrodes are doulded in number. 

Accordingly, for the ^5oMP furnace at Bonn, for instance, 
which takes i roo amperes with its 80 mm. (3.2 in.) diameter 
electrodes, whose crcmH-section is 5024 st|uare mm. (7.78 sq. in.) 
corresponding to 

--- - .22 umiicrc-si«THciuiire millimetre { - j,,,, g,,, 

or 22 amiieres per sejuare centimetre. 

With a 500-HP furnace having the same electrode cross- 
scction and about twice the current, the current density would 
rise to 
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2200 {‘2 200 2cS2. amps.\ 

or 44 ampiTos piT scjuarr a>nlinu'trc'. 

This, therefore, gives tairrent densities whieh still substaiiti- 
aily (jxceed those given by Hansen, as mentioned on jiage yi, 
even though these values had to l)e designatetl as being higlx 
enough. We have, alsc^ then with Stassano furnaces to figure 
with a substantial heat generation in the electrodes. A short 
cxami)le may show this. 

New electrodes for a 250-HP furnace have a length of T.5 
metres (59 inches). As the electrodes wear olT during the 
operation, we may figure with an average length of 1 metre, 
(39 J inches). If we insert besides this the operating value 
for the resistance of carbon jier cubic centimetre, as given by 
Hansen and shown on page 76 to be, 

Pi » .00183 ohms per cubic centimetre, 
wc obtain the resistance of the electrode as being: 

r » where I and q arc in centimetres and square centi- 
metres respectively. 

Consequently: 

r = .00183 « .0036 ohm. 

50.24 

The drop in voltage in the electrode of a 250-HP furnace hence is 
c ^ ir 

~ iioo X .0036 « 3.96 say 4 volts. 

I'he energy transformed into heat per electrode is consequently 
A ^ ic watts « 1 100 X 4 « 4400 watts, 
or in all 3 X 4400 « 13200 watts. That is, with a total energy 
absorption of 200 kw. for the furnace, there is 6.5 per cent, lost 
through Joule losses r) in the electrodes alone. 

Besides the transformation of electrical energy into heat in 
the electrodes as just described, several interesting phenomena 
will be found in the Stassano furnace as shown below. 

First regarding the length of the arc, with Stassano furnaces 
with voltages of ixo up to a maximum of 150 volts, this distance 
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at first is about lo cm. (4 inches) from electrode to electrode. 
During the run, however, the arc distance increases up to a length 
of 30 cm. (about 12 inches). This considerable lengthening of 
the arc is partly accounted for on the one hand by the high 
temperature of the furnace atmosphere, and on the other hand 
through the gasification of the electrode ends caused by the arcs 
between them. It is to be noticed that the arc sags toward the 
bath. This phenomenon can only be regarded as favorable to 
the heating of the metal bath. 

We, therefore, find with the Stassano furnace, an increasing 
lengthening of the arc, as the temperature of the furnace atmos- 
phere increases. . The risk must, therefore, be run of having 
the arc break and making it anew, when charging the furnace 
with cold material which cuts the arc. On this account, there- 
fore, particular care should be exercised when charging the 
furnace, entirely independent of the horizontal arrangement of 
the electrode rods. 

If, notwithstanding this care, the arc should still break, then 
the rise of the furnace temperature is interrupted until the arc 
is again established. Still there wouM be no complete interrup- 
tion of the energy absorption. Thus, according to Coussergues, 
when visiting the Stassano furnace at Bonn, the arc was inter- 
rupted, yet 300 amperes per phase at 120 volts were still taken 
up by the furnace, which is about one-third of the total energy. 

This energy absorption with an interrupted arc is only then 
possible, if the refractories are heated to redness. For the energy 
absorption is dependent upon small arcs establishing themselves 
between the refractories and the electrode, which carry the 
current from the electrode to ' the magnesite bricks, after the 
latter have become conductors of the second class, due to the 
high temperature, and may therefore be regarded as heating 
resistances between the electrodes (see page 17). 

Finally attention may be drawn to the capability of Stassano 
furnaces to be heated up electrically, since the charge is com- 
pletely mdependent of the arc formation. In this way the 
furnace is also kept up to temperature during any shut-downs. 
This is accomplished by heating up for a quarter of an hour with 
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the arc, followed by a current interruption for (lirt‘(‘-(|u;ir(frs of 
an hour. 

'The above states the specific cluiraclerislics of the Slassano 
furnace. We now come to the comparison of the Sta.^sano furnace 
with the ideal electric furnace, for which the reijuiremenls were 
laid down in (diapter V. Without entering into a discussion of 
the purely metallurgical questions which are gone into in dt'lail 
in Part II of this book, we may .say the following: 

I'he first requirement stijailated that the electric furnace 
was to be ca],)able of being o],)erated wilh any prevailing alternating 
current at any voltage and periodicity. 

This reiiuireinent is met by the Stassano furnace belter than 
by any other of the well-known arc furnaces, for Sta.ssano furnaces 
are built for single-pba.se as well as for three-phase current. At 
the same time any prevailing iieriodicity may be used. ( )i)i)osile 
this, the neces.sity of transforming the voltage to that reiiuired 
by the furnace only plays a secondary tuirt, for this transforming 
lakes place in coniiiaratively inexpensive stationary transformers, 
which hardly call forth any particular vigilance, considering 
their great operating safely. 

The second requirement, viz.: the avoidance of sudden poteer 
jluctuations^ is not fullilled so well by the Stas.sano furnace us by 
other furnaces of the radiating arc tyiie, e.specially when melting 
down cold scrai). d'here are .some interriqitions iluring the 
charging jicriod, as already mentioned, and though the sustaining 
of the arc is in no way intluenced liy the melting iirueess, yet, as 
the arc has no inherent characteristic tending toward stability, 
but, as experience has shown, has current surges almost con- 
stantly from electrode to electrode, so that the attendant regu- 
lating the electrode levers, even with constant attention, muke.s 
20 to 30 regulations per minute. Still Sta.ssano furnaces are 
more often connected directly to transformers only, although 
there have been cases where llywheel generators had to he 
installed to absorb part of the violent power Iluctuations. 

We now come to the third point in which an easy regulation 
of the current is demanded. 'Phis requirement may also re- 
garded as being fulfilled, as voltage regulation simultaneously 


causes a regulation of the energy supplied to the furnace, wliich 
is entirely independent of such energy regulation which is pro- 
vided by different settings of the electrodes- It was mentioned 
on page 115 that Stassano avoided every automatic regulation of 
the electrodes with his furnaces, which would still offer several 
advantages. These reasons are referred to again at this time. 

The requirement under 4, viz.: a high electrical efficiency, 
does not seem to be so completely fulfilled. We have already 
seen that the high current densities in the electrodes lead to im- 
portant heat losses, and it does not seem therefore that it is 
possible to avoid considerable losses. This is even accentuated 
by the intensive water cooling of the electrodes. There are also 
heat losses due to the arc not being sufficiently near the bath 
during the different periods of the melting, the arc also being too 
far away when making less than a full charge; thus this heat 
goes to the side walls, but particularly to the roof. That this loss 
is not inconsiderable is evidenced by the short life of the roof, 
one week, even with the best operators and refractories other 
than carborundum. Besides these losses there are the trans- 
former losses, for changing the voltage to the desired amount, 
for which about 3 per cent, of the total energy may be allowed. 

The fifth point, viz.: the tilting arrangement, which Stassano 
replaced with a turning one, no doubt gives his furnace certain 
advantages; still, compared to the tilting device, his solution 
can hardly be regarded as a particularly happy one. The turning 
or rotating structure requires a really complicated mechanism. 
As a proof of this it is only necessary to refer to the water supply 
for the electrode regulation and to the electrode cooling. En- 
tirely aside from this, it hardly seems advantageous to have a 
tapping hole, instead of pouring over the lip, when teeming, 
especially when heats follow each other quickly, as is usually the 
case when treating hot metal. 

Even though the requirement of an easily surveyed hearth 
seems to be completely fulfilled, it is yet to be observed that the 
almost horizontal arrangement of the electrodes makes the ful- 
filment of the seventh requirement so much harder. For the 
breakable electrodes with their comparatively small cross- 
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sections are liable to crack off when roughly handled, so that 
the metallurgical operations in the furnace entail great attention 
and not a little dexterity. Besides this, the Stassano furnace 
would have the advantage of influencing the charge the least 
with its arc heating, in case electrode breakages could be avoided 
with certainty, as the carbon vapor from the electrodes is not 
directly against the molten metal. Relative to the avoidance 
of every under or over heating of the metal, it must be said that 
the influence of the arc heating as employed by Stassano, i.e., by 
use of the radiation, is the mildest way in which arc heating can 
be used at all, as the direct influence of a heating agency of 3500° 
C., on the metal, is avoided. 

Without discussing the purely metallurgical demands, the 
fulfilment or non-fulfilment of which can be readily seen by the 
construction of the furnace, we find that the requirement of a 
sufficient hut not too strong a circulation of the hath is fulfilled by the 
rotary arrangement of the furnace. No other mechanical cir- 
culation appears in the Stassano furnace as it is built today, and 
it seems, therefore, that if any security is desired for a complete 
uniformity of the material in its several layers, it is not 
possible to dispense with the mechanical bath circulation. And 
these necessary mechanisms must always be designated as being 
very complicated (for any such metallurgical apparatus as this), 
no matter how ingeniously the design may have been carried out. 

Besides the many-sided applications of this furnace, it would 
seem desirable if they could be built of any possible size. The 
proof of this is, however, yet to be established. For even though 
Stassano furnaces of 5-ton size were operated by Stassano him- 
self, at the plant in his charge in Turin, the plant unfortunately 
has been shut down. It may, therefore, at present only be 
regarded as proven that the Stassano furnace of 600 to 1000 
Kg- (5/^ lo I Ion), as it is operated at Bonn for melting up scrap 
for steel castings, succeeded in giving good results. The furnace 
does not seem suitable for larger sizes', as the sensitive devices 
permissible, at any rate, with small furnaces, while easy ,to 
watch, are hardly applicable with large furnaces. The high 
current density, with which 5-ton furnaces are to be operated, 
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also seems unadaptable, while with still larger furnaces where 
the doubling of the electrode number would be encountered, 
difficulties could be expected from the simultaneous manual 
regulation of six electrodes. 

Larger furnaces would have longer and consequently more 
breakable electrodes, which would otherwise need much room 


Fig. 50. 
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during the furnace’s rotation. Finally, the easy working of the 
furnace becomes dilTicult with the six horizontal electrode's 
over-topping the bath. All these reasons make it appear that 
the Stassano furnace in its i)resent customary form is only 
useful for small capacities. 

'The recjiiirement of a good Uivrmal cjjlcicncy is acceptably 
fulfillecl. For even though the bta.ssano is the electric furnace 
where the .metal is heated most indirectly, but where the atmo.s- 
phere directly above the bath is heated the strongest, and though 
it is not possible to avoid a consideralile heat loss when the 
furnace door is opened, still it is well to note that the heat in- 
sulation with the Sta.ssano furnace is extraordinarily well carried 
out, and that coiiseciuently it is ]:)ossible to attain .satisfactory 
power consumption figures for melting a ton of steel. And these 
vary between 800 and 1000 Kw, hours jut ton of steel for melting 
cold stock for making steel castings. 

According to (Xsann {SlaJd und Eisrn, 1908, 6O0), we 

find that he begins with a cost of (u cents for electrodes at the 
Bonn furnace and $2.75 for refractories per ton of steel, so that 
we cannot speak here of exactly low refractory costs, which could, 
how'ever, be considerably reduced by using dolomite bottoms and 
side walls ( 67 a/// und Elscn, 1910, p. io6o). 

The installation costs fur a i-ton furnace are given by Osann, 
inclusive of switchboard and foundation, at $8,750. I’his does 
not, however, say that the cost of the necessary transformer is 
included in this price. In Bonn the voltage is stepped clown 
from 5200 to 1 10 volts. On the other hand, it may be said that 
at Bonn they were enabled to connect to an existing central 
station, .so that in ca.se such connection i.s not iHissihlc, tlic 
installation cost would be increased by an amount eciual to the 
cost of an isolated iilant (250 IIP for a idon furnace). 

Fig. 50 shows a Stassano furnace from which the general 
arrangement is evident. Regarding the sale which these furnac-es 
have had, reference is given to the list in C’hapter XV, 'The 
giving of licenses for Stassano furnaces Is made by the Bonntr 
Maschinmfabrik und Eisengkszem Fr. Mcinkemdller & C7j., 
Bonn on tlie Rhine, Germany. 



CHAPTER VTII 

THE HEROULT FURNACE 

Heroult had already earned great merit in the development 
of electro*metallurgy, on account of his electric furnace for the 
production of aluminun\. He was the first to discover how to 
build an arc furnace for refining iron, having vertical electrodes 
pointing directly at the hath. Before this these furnaces had 
the objection, that the iron bath greedily absorl)ed the carbon 
from the immersed elei'trodes. On July 4, igoo, Heroult made 
the suggestion (see Oerman patent N't). 130904), that to avoid 
the absorption of carbon by the metal bath, the slag used to 
refine the metal should be inserted between the bath and the 
electrode. 

According to the patent description the electrodes arc to be 
so far separated from each other and are to dip so little into the 
slag, that, on the one hand, the resistance lietween the electrodes 
within the layer of slag, shall be great enougli to force the current 
from the one electrode through tlie slag lying directly beneath 
it to the metal, and from the metal again through the same layer 
of slag to the other electrode, and that there shall be otherwise 
no connection between either electrode, and the metal. Further, 
according to the patent description, the striking of arcs between 
the electrodes and the metal bath into which the electrodes 
project, is not precluded, or is it necessary. Regulating the 
distance between the electrodes and the metal bath, however, is 
the important part. This mu.st be accomplished in such a way 
that the slag layer between the electrodes and tlie metal bath 
remains hotter and more conductive during the entire refining 
period, than the layer of slag between the electrodes, because 
only in this way will the current take the path as prescribed 
above. 
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After this general characterization of the fleroult furnace, 
and before entering into details regarding its construction and 
operation, we will give a short survey of the development of this 
furnace. 

According to the Elcclrochvmical and Aletalliirgical Induslry, 
j). 261, Ileroult, in his first elTorts in building an electric 
furnace, leaned narrowly toward his type of aluminum furnace. 



I'Tu. Kleetne Furnace. 


In this furnace, as is well known, one pole consists of a hanging 
carbon electrode, while the other pole was made by the furnace 
hearth itself. For this puri)ose the hearth was made of carbon. 

When it was necessary, however, to obtain a material with the 
lowest possible carbon content, this style of furnace could no \ 

longer be used, as the carbon of the hearth bottom was greedily 
absorbed by the molten metal. 

On that account H6roult next made tests with a furnace for ; 

the production of low carbon ferro chromium. The bottom of 1 

this furnace consisted of chromite bricks in the middle of which | 

a carbon block was inserted which then acted as the bottom 
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electrode. With tliis method IlerouU. hoi)ed lluit ii part of the 
carbon ])lock would he absorbed by the molten metal and that 
the molten mass would continue to force its way down absorbing 
carbon as it went, until the exterior radiation of the molten 
metal would caus(! it to freeze on the carbon block. Heroult 
hoped to keep this condition constant, .so that there would l)c an 
interposition of the frozen metal between lh(‘ bottom carbon 
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electrode and the bath, which woukl at the same time prevent 
any carbon absorption by the bath. 

But the tests as carried out did not fulfil his hopes, and so 
after further trials there was produced the Heroult furnace as 
we know it today. This has been characteristically shown by 
the above examples, taken as they are, first of all, from the 
patent records. Furnaces of this kind were first put in trial in 
Froges and La Praz^ France. 

The first H6roult furnace in Germany was installed by the 
firm of Richard Lindenbcrg of Remscheitl in 1905, and put in 
operation in February, 1906. I'he first Hlroult furnace in the 
United States was installed by the Halcomb Steel Co., of 
Syracuse, N. Y. Since then the furnace has come into extensive 
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use, tliaaks to its simple design, mid tluuilvs to a thortiugli 
knowledge of the metallurgical operations, which luu'e been 
thoroughly investigated at Remscheid, and elsewhere. 

Coming now to the furnace itself, we may say the following: 
Of all the arc furnac'cs the Heroull furnace resembles most nearly 
a tilting o})en hearth furnace. It consists of a steel plate shell of 
1 nearly rectangular but .sometimes c'ircular form, which has a 
^mnded bottom. Fasteneil on this are pinions which permit the 
'funiace to roll forward on a rack or, in later ck'signs of the smaller 
size, the furnace is tilted bodily on .sujiports hinged near the 



spout. The furnace is tilted either by means of a hydraulic, 
cylinder or an electric motor, which latter method permits the 
control of the pouring very accurately. In the case of both the 
rolling and the tilting furnaces, it is now possible to pour directly 
from the furnace into hand ladles. The whole design of the 
furnace may be seen by consulting the Figs. 51 to 53 Inclusive. 

The lining of the furnace consists of fire-hricks, which are 
laid directly against the steel plate shell, and on which dolomite 
is tamped, with the exception that in the United Slates mag- 
nesite is generally used instead of dolomite when it can be had. 
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'I’hc roof is removable and consists of a steel plate frame lined 
with lire-brick, the former also having convenient sc'rew eyes 
so that the entire roof may be readily transported. 1'he hearth 
may be easily insj)ecled and ot)erated during the charging 
period as the furnace has from 2 to 4 doors, accortling to its 
size, one being over the st)out. As the metal bath is needed to 
conduct the electric current, the current is shut olT wdiile charging 
and naturally while it is empty, which allow^s the refractories 
to cool oil si)mewhat. 

I'he arched roof of the furnace is pierced by two or three 
electrodes. Copper cooling chambei's are i)iaced at the piercing 
l)oints, which keep the carbon electrodes outside of the furnace j 
at i)ermissil)Ie temperature limits (as discussed in Chapter VI), / 
and simultaneously cool the i)rickwork at these i)oints. Each 
electrode hangs from a right-angled sui)port, which is movable 
in a vertical direction at the furnace. 'I'lus su^Jport, therefore, 
carries a rack, which is moved hy ti motor-driven pinion, d'he / 
use of these small motors in this design permits a mechanical > 
regulation of the electrode positions. In Remscheid these small 
regulating motors are of the single phase lOO-volt tyi)e. 'I’hese 
motors oijerute automatically or by hand, according to whether 
a higher or a lower positi()n of the electrodes is called for. Nat- 
urally the electrode clamps are insulated in an improved manner 
from the furnace casing. 

Regarding the development of the automatic regulating 
apparatu.s of the I'hury system, this was described at length 
in Chapter VI, pages 102 1:04. I'he electro-magnetic scales 
mentioned there are connected as voltmeters to the HdroulL 
furnace in the earlier regulatt)rs, as shown by dotted lines of 
Fig. 54. I'hese have now been changed to ammeters, so that 
current regulation is obtained and the operation of the furnace 
is now accomplished with more ease. One regulator is pro- 
vided for each electrode. With the earlier designs, the voltmeter 
as shown in Fig. 54 is designated by m in whose {ilace we can 
imagine the electro-magnetic scales. Two or three scales are 
provided as each electrode is regulated .setiarately. I'he scales 
are influenced by the voltage which lies between the heiul of the 
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electrode and the bath, which receives the main current. In 
order to obtain this voltage, an iron rod is imbedded in the 
furnace ])ottom, which in turn is connected to the remaining 
terminals of the magnetic scales. These scales are set so that a 
difference of 2 volts from the normal will start the regulator 



and keep it as near constant as possible. Lately, as the majority 
of the furnaces installed are fed from transformers from larger 
power stations, where the voltage is fairly constant, it is the 
current that requires regulating as is shown by diagram of 
Fig. 43a of Chapter VI. 

d'he design of the furnace is such that either hot or cold 
charges may be treated. With cold charges, however, the 
current fluctuations arc still heavy until the whole charge is melted 
'1 down, the reason being that it is much harder to melt down a 
\ stone cold charge in a H6rc)ult arc furnace and maintain the arc 
I than it is to treat hot metal. This is not only because this 
type of arc furnace always operates better at a higher temper- 
I ature under the influence of which carbon evaporates, but also 
I as tlie continuity of the current is disturbed with cold charging 
I as the various pieces of scrap make varying and imperfect con- 
j tacts here and there. Furthermore, the appearance associated 
\ with the so-called over-regulation causes the electrodes to 
; become unruly when for instance the heavy current fluctuations 



During the time of these heavy current (liietuations, that is, 
while melting the metal, the automatic regulation is sometimes 
replaced by hand regulation. I'he series connection of the* carl)on 
electrodes has a negative influence on the electrical condi- 



tions even with a perfectly fluid meUd. To illustrate this 
Rg, 55 shows several current curves as they were recoiled by 
an arc furnace with senes connected electrodes. These curves 
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were made in 1909. Other curves are shown in Figs. 56 and 57, 
which show the power fluctuations during the melting and 
dephosphorizing period and also the finishing period on a 6- 
gross-ton furnace, operating at about 900 Kw. More lately 
these furnaces operate with about 1200 Kw. Fig. 57 shows 
the much steadier power consumption when refining hot metal. 



At present, with very careful charging of the furnace, it is pos- 
sible to throw on the automatic regulators simultaneous with 
throwing on the current. This reduces the current fluctuations 
somewhat as shown by the difference in the power fluctuations 
as evidenced by Figs. 55 and 56, the latter of which, also 57, 
were made in 1915. 

In order that no misunderstanding may arise regarding the 
heating method of the H6roult furnace, it is well to especially 
mention at this time, that Heroult had soon to realize that he 
must employ an arc to make his furnace operate even though it 
deviated from the furnace operation of his patent description. 
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In this it was not precluded nor was it necessary that arcs should 
be struck between the electrode and the bath. Hence to-day the 
furnace voltages are chosen so high, that the electrodes are set 
at about 45 mm. (1.8 in.), above the steel bath. With this setting, 
it is possible to obviate a carburization of the bath when the 
slag is interposed, and this is solely caused by the heating action 
of the arc, (having a length as mentioned above,) heating the 
metal to the desired temperature. 

If the electrodes in the Heroult furnace were dipped into 
the slag, so that no arc exists, then the furnace woujd be of the 
pure resistance variety. Should we now calculate the resistance 
conditions in such a circuit, we shall immediately find, that, under 
these conditions, practically the whole energy would be changed 
into heat in the electrodes, without heating the bath materially 
at aU. This is apparent when we compare the resistances of the 
two carbon or graphite electrodes connected in series, with their 
comparatively small cross-section and very great length and 
their high specific resistance, with the resistance of the slag layer 
and the bath with their very large cross-sections and very short 
lengths and the very low specific resistances (at least as far as 
the bath is concerned). These conditions have been clearly 
recognized by the representatives of the Heroult furnaces. We 
quote from Prof. Eichhoff of Charlottenburg, the technical 
adviser of Lichtenberg of Remscheid, his article appearing in 
Stahl und Eis^, 1909, p. 843, as follows: 

‘‘Jt is impi^sible to heat an arc furnace for steel, by utnizing 
the heat generated by the resistance of the tliin slag layer or the 
large cross-section of the bath. These resistances only furnish 
a few per cent, of the heat necessary in the furnace,” and again, 

“Obtaining heat by the rising temperature of the slag with 
its decreasing resistance, or by utilizing the resistance of the 
bath, has never been achieved, simply because the slag layer is 
too thin, and the cross-section of the steel bath too large. Such 
a view therefore is a fable, which I oppose from the start.” 

This description should suffice to give a perfectly clear 
picture of the workings of a Heroult furnace, in which then 
practically the entire heating is obtained from the heat of the arc. 
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If WO reUini I'or the moment to the furuaee design, wt' oi)serve 
the following: 'Hie Ileroull furnaees were first built for single- 
idiase currents for from J5 to 33 cycles, 'fo-day they all otieratc 
from polyphase, usually 3~phase circuit at 25, 50, and (>o cycles. 
I'he lieroult furnace at La Fra/ operates with 33-eyclc current 
at no volts, singU' phasi'. 'Fhe I'harge is about 2} 2 tons. At 
this rate the furnace consumes about 4000 amt)eres. 'Two of the 
15-tou lieroult furnaces’ and one 20-tuu are oj)eraling at the 
works of the Illinois Stiad Co., South C'hicago, and another at the 
i)lant of the .United Steel C'o., C'anlon, Ohio. The hearth of this 
furnai'e is circular, over which three electrodes are arranged at 
the corners of an eciuilateral triangle. One of these furnaces 
is operated by 3”t)hase, 25'~cycle current, delta connection, at 
100 volts. Under these conditions, the current per phase rises to 
12000 amiieres. As in other furnaces, the electrodes are auto- 
inatically regulated. 'Fhe current is taken from a high-tension 
circuit and stepped down by means of three 750 Kw. transformers 
in the installation at South Chicago and by means of three 1000 
Kw. transformers with the Canton furnace. Accordingly the 
former 15-ton furnace takes 

12000 X 100 X 1.73 == 2076 K.V.A. 

and a.s the power factor is between .8 and .9, it consumes actually 

2076 X .85 * 1760, say 1800 Kw. 

'Fhe diHiculty heretofore in building large arc furnaces has lain 
in the inuliility of obtaining a large electrode that was diu'able 
in service and not having too great electrical or thermal U)s.Hes. 
Thi.H feature will be alluded to later on. 

In order to give an idea of the dimensions of the electrodes in 
H^roult furnaces, it may be well to mention that the electrodes 
carrying 4000 ami)eres in the single-pha.se furnace operating at 
La Pra2 have a cross-section of 360 X 360 mm. »= 129,600 sq. 
mm. (14.1 X 14.1 inches « 200 sq. in.), and a length of 1.70 


‘ In 1912, the MeMlhifgical and Chemical Engineering reports that a 25- 
ton Hdroult furnace was put in (>{>eratian at the (iewerkschaft “Deutscher 
Kal«r,'* Bruckhausen, Germany. 
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metres (67 inches). They consequently operate at a current 
density of 


129,600 

4000 

4000 
or - — 
200 


= 32.4 sq. mm. per amp. 
= 20 amps, per sq. in.') 


f 200 
V4000 


.05 sq. in. per amp. 


If we take into account that as the height of the furnace roof over 
the bath is 70 cm. (27^^ inches), and the clamping length at the 
top of the electrode is 35 cm. (13^ inches), we find that there is 
a certain length of usable electrode, which with a total length of 
1.75 metres (69 inches), makes the usable portion about 70 cm. 
(27^ inches). The unusable portion of the electrode is con- 
sequently about I metre (39 inches). 

If we now calculate the electrode voltage losses in accordance 
with the figures just mentioned, similar to the electrode losses 
determined for the Stassano furnace, we obtain the following: 

Assume specific resistance of carbon in operative condition = 
Pi = .00183 ohms per cubic centimetre 


I 

then a.s e = i X r, where r — pi— , and I and q are respectively 
in centimetres and square centimetres, we obtain — 

= .565 volts. 


I ^ 100 

e = ^XpiX — = 4000 X .00183 X — ^ 
q 1290 


For both electrodes, then the drop is 1.13 volts^ because they 
are connected in series. 

The result as figured, however, cannot be considered as correct, 
because the change in the specific resistance with increasing 
cross-section was not taken into consideration. In the calcula- 
tions, so far, we kept the probably correct value of .00183 ohm 
per cubic centimetre, which is in keeping for an electrode of 80 
mm. diameter, whereas the electrode of the H6roult furnace in 
question corresponds to a square having 360 mm. to a side. If 
this had been taken into consideration, then the value of pi = .014, 
(when foEowing the values given on pages 93-94), should have 
been chosen for the electrode condition in its cold state. Should, 
on the other hand, the values of Hansen be taken, where the 
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resistance falls to about 40% in operation, compared to the cold 
resistance, then the determination should have been figured with 
Pi = .0056 ohm per cubic centimetre. 

Figuring more correctly then with this value, we obtain, 


e = 4000 X .0056 X 


100 

1296 


= 1.73 volts per electrode. 


The drop for both electrodes is consequently- 
2 X 1.73 = 3.5 volts. 


This gives a loss three times as high as in the first calculation. 
This example clearly shows of what importance it is to accurately 
know the different constants for this material for the different 
cross-sections. For it is only with these that the determinations 
of the conditions arising in the electrodes can be figured. 

Of course it is not to be supposed that this last value gives 
a final idea of the total losses in the electrodes, because in the 
calculations just made only the purely electrical losses were 
Judged. This, too, with the rather hazardous assumption that 
the constant taken for the specific resistance of the carbon elec- 
trode is correct. Meanwliile, the radiation heat losses have been 
entirely disregarded- It is undoubted, that the latter raises 
the total electrode losses considerably, and even though deter- 
minations regarding radiation heat losses are hardly possible, 
still it may be said with some certainty, from measurements of 
other arc furnaces, that the total electrode losses generally, as 
well as in the Heroult furnace under discussion, will not be 
below 7 to 10%. 

These losses do not only appear of this value in the compara- 
tively small furnaces, such as have just been discussed, i.e.^ of 
the 2- to 3-ton size, but especially in the larger sizes. With the 
size ■ of the furnaces and the increasing cross-sections of the 
electrodes, the difiiculty also grows of obtaining favorable material 
constants, which is a thing entirely apart from the difficulties 
to be surmounted of procuring large electrodes of considerable 
durability. Chapter VI brings out these details. It may be said 
further regarding the practical operation of the 15 and 25-ton, 
3-phast ‘^urnaces at South Chicago, that it has not been found 
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possible to increase the j)roportions of the electrodes at will, 
but lately it has been found possible to obtain an electrode of 
satisfactory proportions and l)etler material. As has been 
remarked this 15-ton furnace operates with about u’ooo amperes 
per electrode. The conduction of such currents naturally neces- 
sitates very considerable electrode cross-sections. It was at 
first tried to produce these electrodes in single large blocks. Ac- 
cording to the Electrochcmkal and Metallurgical Engineering, 
1909, p. 262, one of these block electrodes had a diameter of 2 ft. 
(60.9 cm.), by a length of ten ft. (5.048 m.). The weight of one 
of these electrodes was about 3200 lbs. (1451.5 Kg.). 

7 'he results with these colossal electrodes was hardly satis- 
factory, as breaks often occurred which disturbed the operation 
of the charge in a most sensitive way, even though the current 
density o]_)erated with was 28 amperes per sciuarc inch, or 4.35 
amperes per sciuare centimetre, corre.sponding to 24 st^. mm. per 
amp., which is a comparatively high density in spite of the large 
electrode, cross-section. (See ('hap. VI, page 82.) On that ac- 
count they sometimes use the dearer but less troublesome graph- 
ite electrodes instead of the carbon electrcKles. (^luoting from 
the Metallurgical and Chemical Engineering, 1910, p. 179, and 
following pages, we find that the* electrodes as u.sed are made up 
of Acheson graphite rods, 48 in. long (122cm, ),and8in. (20.32cm.) 
in diameter. 'I'hree such roils are lnltt»connected to a total length 
of 144 in. (366 cm.), and three such 144 in. rods are arranged 
side by side to form a single electrode, consisting (see Fig. 60 a 
and b) thus of a solid bundle of three rods, each 144 in. (366 cm.) 
long. The cro.ss-.section is therefore 3 X 50.2 » 150.7 sq. in. (3 X 
324 « 972 sq. cm.). The consumption of these electrodes is given 
as averaging 6.6 lb. (3 kg.), per ton of steel, and this figure is 
stated to be true for grajihite and hot charges. 

The unavoidable wearing away of the comparativtdy dear 
electrodes, naturally causes an increase in the steel conversion 
costs, which is hardly desired. In the beginning there were 
additional losses of considerable moment which had to be reck- 
oned with. These were caused by the unusual lengths of the 
electrodes in the electrode damps ami the length necessary for 
the distance between the furnace roof and the slag layer, These 


1 38 ELECTRIC EURNACES IN THE IRON AND STEEL INDUSTRY 

costs are said to have now been reduced to the irreducible 
minimum, by using the otherwise worthless stub ends for a new 
electrode. Figs. 58 and 59 show two possible ways in which the 
greatest use can be made of the electrodes. 

Fig. 58 shows the electrode made from shorter pieces with 
staggered ends held together with graphite screws. This method 
is also reported to have been used with the 15-ton furnaces in the 
United States. Fig. 59 shows a threaded hole in the end of the 
electrode. On the one hand this scheme enables the conducting 

clamp to be made of cast copper, as 
the figure shows, whereas otherwise, 
should the whole electrode become 
tod short, it can be unfastened 
at the copper casting, a graphite 
screw inserted in its place, and a 
new electrode piece screwed be- 
tween the too short electrode and 
the new one. This is also evident 
from a view at Fig. 59. The latter 
way of lengthening the electrode is 
now in general use all over the 
world. It seems from this that 
the possible difficulties due to the 
higher resistance at the points of 
contact are not so great as might be expected from theoretical 
calculations, especially when the graphite nipple or joint is 
accurately machined, and when given an extra or turn 
shortly after being in service. 

Following this it may be well to relate further details of 
the operation of the Heroult furnace. If the H6roult furnace 
is to be heated up after putting in a new lining, or owing to the 
operation being interrupted by Sunday, it is accomplished by 
charging the furnace with some coke, which acts as the heating 
medium and at the same time as the conductor from one electrode 
to the other, (as long as the heating of the furnace is accomplished 
electrically). When ready to place the furnace in operation, 
this coke is raked out and the furnace charged. The current 
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is then switched on and the automatic regulators thrown in at 
the same time. In relining molten metal, the automatic elec- 
trode regulators are thrown in at once, 'hhe furnace operation 
then is decidedly smoother than when melting cold scrap, when 
hand regulation is sometimes resorted to. 

As with all other electric furnaces, so also with the Ileroult 
(urnace, we find that the funver ('ousiimption varies gri'atly with 
the size of the furnace, with the kind of charge used, iind the 
desired quality of the hnished material A grai)hic i)icture of ilu^ 
change of the current consumption varying with the size of the 
furnace is given by Fig. 6o. This data is given by Eichhojf. 
Here one set of curves represents the conditions for cold and one 
for hot charges. In the upper set of three curves the lowe.st 
one indicates conditions when only one slag is used, the middle 
curve when two slags are used, and the highest curve when three 
slags are used, and similarly f{)r the lower set of three curves. 
In this way the curves show a rising degree of purity in the 
metal. The table accompanying Fig. 6o gives the (luantities 
directly. Of particular intcTcst are the operating figures which 
have been achieved with the 15-1011 furnace. According to the 
report in the Meiallur^ical and Chemical Engineering^ of 1910, 
p. 179, ff., the electric furnace is charged with hot metal from 
the Bessemer converter. 

On the average here 1 2 charges are made daily, with an average 
time of I hr. and 15 minutes to 2 hrs. and 15 minutes, tlie weight 
of metal averaging from 12 to 14 tons. The average consump- 
tion of power for this is 200 KW. per ton of steel produced. 

If we now pass on to the comparison between the H6roult 
furnace and the ideal furnace, we come to the first demand of an 
electric furnace, that every existing alternating current can be used. 
The H6roult furnace fulfils this demand only in part. As every 
arc furnace needs a certain voltage, the H6roult furnace also 
demands a specific potential, so that in nearly every instance a 
stationary transformer becomes a necessity, in which the high 
pressure of the distant central station is stepped down to the 
desired 100 to no volts at the furnace. The use of one of these 
transformers is almost unavoidable with any arc furnace. Other- 
wise, the H^roult furnace can use any existing alternating 
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current of any commercial frequency. In fact, in several recent 
installations a power factor of 94 or more has been observed 
iLiicl this with 60-cycle current. No cliniculty has been found in 
tbe construction of the furnace with three electrodes, in furnaces 
from the largest to the smallest size. 

Up to the present time the avoidance of sudden power 
iluctuations has not been attained when operating ll^roult 
furnaces. At present the lI6roult furnace, with its electrodes in 
scries, is credited with having almost the heaviest power fluctu- 
trtions of the better known arc furnaces. However, with the 
improvement in the automatic regulation and the handling of the 
furnace, these fluctuations have been reduced very markedly 
a.nd this without the introduction of reactance coils of any kind. 
(Sec Figs. 55, 56, 57.) 'riiis, as we have seen, is particularly 
so when melting down cold slock. The ct)rulilions are more 
favorable as soon as the charge is c‘onq)letely nu'lled, or when 
only treating hot charge.s. On the bath of these heart iis three 
electrodes ai)t)ear which hinder llu' jnelallurgicid operations 
somewhat, and lead to greater breakages of tlu* c'lectrodes, than 
two electrodes alone would, of which It is retiorted that breakages 
are rare during oiKTaling. In addition the arrangement of 
tbree electrodes rectuires the furnace roof to l)ei)itTced three times, 
which seems so much more dubious, as the Hat arched roof is 
subject to the high tenqjeratures of the arcs, and also to the water 
eooling around the three electrodes, so that inside of the com- 
X>arativcly small st)ace of the furnace roof, we have several large 
clifTerences of temt)erature arising, which naturally tend to 
weaken and destroy the roof. Finally it must also be mentioned 
that three electrodes radiate mure heat due to their larger 
surface than two electrodes do, having the same total cross- 
scedion. 

Furnaces which are ojHTated with three phase current con- 
sequently only require the installation of stationary transformers, 
as the central station is usually large enough nowadays to stand 
the prevailing power fluctuations of arc furnaces of this type. 

Easy rcgulalmi of the power is iiresent in the Ileroult furnace, 
■Lhc same as it is in every other electric furnace. 
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In judging the electrical efficiency of the furnace, the losses in 
the transformer are first to be taken into consideration, and 
then the losses in the carbon or graphite electrodes. In case any 
rotary transformers have to be iisi'd, the considerable losses 
appearing here have to be added, d'heir use is rare. 

In order to give a probable concejition of the electrical losses 


Fio. fkWL 3-i>haHidii* n.ift* (if 15 ttmtHt upiiciiy. a charge. 

the efticiency of the transformer may be taken as about 96 to 
97%; the clectHKle losses at about to^', of which at least 3 to 
5% are purely heat losses, and in cast* rotating transformers have 
to be used the eflidency of these* machines may he taken at aliout 

85%, 

The further requirements of a liUmg furnace, and an easily 
surveyed and accessible hearth are fully met. 

It has already been mentioned in which way H£*rault knew 
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how to avoid the undesired reducing action of the electrodes 
impinging directly on the metal. It is to be noted; however, 
that this reducing action cannot be altogether avoided, due to 
the electrodes throwing their carbon vapor stream against the 
layer of slag, even though the slag layer protects the bath from 
this action. The prolonged carbonizing action of the arc furnace 
makes more difficult the oxidizing processes; for instance, during 
the removal of the phosphorous it cannot be without its influence 
on the time of treating the charge and the power consumption. 
When removing the slag it is well to consider that the carbonizing 
action of the arc remains the same, even though the heating is 
not interrupted during this period. 

If we now take up the requirement of the motion of the charge, 
we find that from reasoning alone, from the standpoint of purely 
thermal action, it is not present. For, as the arc operates only 
on the surface of the bath, the hottest parts of the bath are to be 
looked for here. On account of the electric current, on the other 
hand, a certain motion of the bath takes place, as this current 
flows through the electrodes, and a part of the bath which is, 
to a certain extent, a moving conductor (as the motor action of 
the electric currents acts as discussed in Chapter III). For, in 
accordance with the conditions there given, the bath, or the part 
which is a movable conductor, is pushed to one side, so that the 
material beneath the electrode is under a certain magnetic 
pressure, which causes a certain motion in the bath of the H6roult 
furnace. With all this, it is not correct to assume that the 
motion caused in the bath of the H^roult furnaces reaches the 
bottom .of the bath. 

The application of the furnace has a wide scope, due to the 
fact that it works as well on cold scrap, but with heavier power 
fluctuations, as on hot metal. It must, however, not be left 
unsaid that at present the Heroult furnace is the only one that 
has been built for 25 tons and actually holds 28 tons, which 
proves the adaptability of tliis for this size. Up to a certain 
point naturally the heat losses become proportionately smaller. 
However, it is to be feared that, for instance, with very large 
arc furnaces with three electrodes piercing the flat arched roof, 
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that this would cause a frequent roof renewal, d'his dilhculty 
is being reduced to a very great extent, as in j)r(‘sent ])raetice 
according to size of furnace, whether cold or hoi charging, 
silica roofs with the former method during u>iU lasted re.spectively 
30, 47, and 56 heats in a two-ton furnace, whereas with the largt'r 
furnaces and cold charging 200 to 300 heats have l)e{Ui reac'hed 
before complete renewal is made. lii these ca.st‘s the bottom, 
as is more usual, was basic, d'he renewals are mori‘ numerous 
with 3 holes in the roof, than when only pierced with or or two 
electrodes, other things being ecjiial, owing to the large difference 
of temperature between the various i)arts of the covering. 
This disadvantageous trait remains even though it is con- 
sidered that the vertical electrodes act with a sort of umbrella 
action, and in so doing at least keep the most intense heat 
away from the roof. It is to be noted here that, for instance, 
the roof of the 1,5-1011 furnace at the Illinois Steel C’o., lias to be 
changed about every three weeks. According to the Metal- 
lurgical ami Chemical Engineering, a roof such as lliis costs about 
$60 with silica brick costing $27 per thousand. 

The dinicLilties of very large diameter, 24 26 inches, eledrodes 
have not yet been overcome, as may be judged from the retnirl 
appearing in the Metallurgical and Chemical /Engineering, for 
1910, p. i79fT., where the electrode temjierature, just where it 
issues from the furnace was measured and gave 1050® C. It is 
evident that these electrode temperatures cause a greater con- 
sumption of the electrodes, so that this may also be looked upon 
as part of the cause for the consumption of 6.6 lb, (3 Kg.) of 
graplute electrodes per ton of steel when charging hot metal. 

It is also to be noted that it must be possible to change the 
slag in an electric furnace, as is now done in the open hearth 
furnaces. I'he removal of this slag, however, becomes more 
dilTicult with the inereuse in the size of the furnaces, becau.se the 
slag must be entirely removed. A mere running off of the slag 
is not sufTicient, but a thorough rabbling of! is nece.s.sary. In 
taking these conditions into consideration the Electrochemical 
and Metallurgical Industry, of 1909, p. 363, says in referring 
to the attainable size of the ildroult furnace: 
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‘^As to the maximum size of furnace which it is now possible 
to construct, it is the intention to build them up to 30 tons. 
Very much will depend, however, on the work which has to be 
accomplished, that is to say, whether one or two slags would 
be used. In case of one slag, Mr. Turnbull is sure that a 30-ton 
furnace is possible, but should two slags be used, owing to the 
difficulties which might be encountered in raking off the first 
slag it may be found that a 1 5-ton capacity is nearing the limit. 
It could certainly be worked quicker than one of a 30-ton capa- 
city.” 

Attention is again called here to the influence of the furnace 
size on the thermal efficiency of Heroult furnaces, and this point 
is dwelt upon more in detail. Prof. Eichhoff says the following 
in Stahl und Eisen, 1908, p. 844: 

“I cannot think of a small furnace that has an efficiency of 
more than 50%. If the furnaces become larger and larger, 
then the actual useful absorption of the heat may rise to 70%, 
for the reason that the furnace surface does not increase in the 
same ratio as the furnace contents do. As the furnaces become 
larger the losses gradually decrease, going from 50 to 40, and from 
30 to 25%. I can tell you from my own practical experience, 
that comparing a 3-ton furnace to a 1.5-ton furnace, the effective 
current increase was only 10%. Hence, the current consump- 
tion per ton of steel decreases materially. Owing to this fact 
we are compelled to build larger furnaces, and there is no reason 
why this cannot be done.” 

Since then there has been built the furnace of 25 tons. 
For this size the above deductions are correct, however, with 
the limitations that the furnace efficiency cannot be further 
increased by further increasing the size of the furnace unit. The 
efficiency of furnaces of increasing sizes with two electrodes 
follows the curve of a parabola. However, where three elec- 
trodes are used, the efficiency will naturally decrease, due 
to the higher thermal losses, which latter gradually reach the 
practicable attainable minimum, with the increasing size of 
furnaces. As Heroult furnaces, however, are built today, these 
losses wiU not be less than 25%. 

It is difficult to calculate definite Heroult furnace installation 
costs, as these will in all cases be determined largely by local 





of the central power plant. A.s the Heroult furnace therefore 
may be connected to any exi.'^ting power line, it is not necessary 
to take into consideration the cost of building a power plant and, 
in the United States, the cost of installing a 6-ton, three-phase 
H6roult furnace, with all equii)ment from the connection with 
the high tension power line, is about $45,000. Tn the United 
States complete units of one and two tons cat)acity are being 
sold, ready to set up, for $18,000 and $24,000, in all cases with 
the usual royalty j)er ton of metal 2)oured. 

In all the above calculations, the cost of buildings, etc., 
are omitted. 

In closing, the advantages which II6roult himself gave of 
his furnace, over other arc furnaces, are here set down, especially 
those oi)i)()sed to the (lirod furnace, which latter is described in 
the following chapter. 'I'he advantages mentioned are taken 
from the Electrochemical and M clallurglcal Industry, for 1909, 
p. 261: yv 

'‘First™The total absence of electrical parts in the furnace 
proper, it being nothing else ])Ut a modiHed ()pen hearth with 
the heat introduced above the metal by the electric current in 
place of gas. I'his in itself is an important factor as it does 
away with the bottom i^ole, consideretl by II6roult to be always 
the cause of much trouble in electric furnace work, and allows 
of any patching necessary to the bottom or side, without inter- 
fering with the work of the furnace. 

“Second“The heat l)c‘ing introduced by means of two 
electrodes working in series, the current passing through the 
bath from one electrode to another and vice versa, necessitates 
carrying only one-half the current that would be the case should 
the current flow from one electrode through the bath and then 
through the l:)c)ttom of the furnace, if the power is the same in 
both cases. Thus, all the conductors are reduced to one-half the 
section required in the other case and the electrodes can perform 
more efficient work owing to the leaser density of current to be 
carried.” 

The above-mentioned advantages of the H6roult furnEice 
should be compared to the advantages of the Girod furnace, 
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mentioned at the end of the following chaper. Furthermore, 
the opinion in the first paragraph may be supported. It is 
correct, of course, that certain advantages accrue by lessening 
the cross-section of the current carrying conductors. He, how- 
ever, avoids mentioning that these advantages are only attainable 
by raising the voltage. The opinion of Heroult that the series 
connection of the electrodes gives more useful work, is not sub- 
stantiated in any way. We shall see later on that the total 
electrode cross-section of- the Heroult furnace is not greater 
than with the Girod furnace, disregarding entirely how incom- 
prehensible it is that Girod does not also operate with the same 
current density and the same low current densities as Heroult 
does. It still remains to be proved that operation with low 
current densities is an advantage, irrespective of the size of the 
furnace. One of the 15-ton furnaces at South Chicago has been 
operated with 12-inch graphitized carbon electrodes, thus in- 
creasing the current density four times, compared to some of 
the earlier methods, when 24-inch round carbon electrodes were 
used. Lately again, however, as large as 26-inch diameter 
carbon electrodes have been used in the 20-ton furnace 

Relative to the use to which the Heroult furnace has been 
put, reference may be had to the statistics in the closing chapter. 
Licenses for H6roult furnaces may be obtained in Germany from 
the Elektrostahl, G. M. b. H., Remscheid, Hasten, and in the 
United States from the United States Steel Corporation, New 
York. 



CHAPTER IX 

THE GIROD FURNACE 


The Girod furnace, as well as the Ileroult furnace, deserves 
the greatest consideration among arc furnaces, irirod originally 
made ferro alloys in a resistance furnace, in whicli the heal How 
went through the walls, as described inGhapter III. It was in igo6 
and 1907 that he turned quite experimentally to the melting of 
iron. He built a furnace with a capacity of about i to i j i tons of 
a similar type to that used by HSroult, before the hitler went over 
to his electric furnace with series connected electrodes. Where 



TUrouU did not succeed in ol)taining satisfactory results with his 
furnace, having one pole in the form of a hanging electrode, anti 
the other pole as a bottom electrode, Girod succeeded. Gtrod's 
success has been so great in bringing this furnace to such a fully 
developed scientific reality, that it was hard to say at first to 
which of these two contestants, in the arc furnace held, where 
the metal bath is used to conduct the current, the victory in so far 
would finally belong. 
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In outward appearances the Girod furnace greatly resembles 
the H6roult furnace. The furnace casing is made of steel plate 
and either of the round or rectangular form. This in turn re- 
ceives a lining of either dolomite or magnesite', making the bath 
either round or square shaped, as the case may be. 1'lie furnace 
roof is made of silica l)rick and is removable, 'bhe furnace itself 
is of the tilting variety. Because of this the first furnace at 
Ugine, France, was provided with trunnions at the side, which 
allowed the furnace to lilt in its bearings. In the newer design 
the furnace casing is furnished with a saddle resting in rollers, 



Fig, 62. 


as shown in Figs. 61 and 62. The power for the tilting mechan- 
ism may be of imy kind, but Is usually an electric-motor. The 
Girod furnaces are supplied with two dcxirs, one of which serves 
mainly for the charging and operating of the furnace, while the 
other is provided with a teeming .spout, for the tapping of the 
furnace. 

The most interesting part of the Girod furnace is, of course, 
the arrangement of the electrodes in which centres the whole 
principle of the furnace. Where in the H^roult furnace the 
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electrodes are of opposite polarity and arranged above the l)alh, 
Girod avoids this by j)lacing one pole al)ove and one beneath 
the bath. Wlien the. current strength iiuTtaises with larger 
furnaceSj and a duplication of the electrodes ])ec()ines neces« 
sary, then these are connected in i)arallel. 'riiis always t)er- 
mits electrodes of the same size to be used, and likt‘ i)oles are 
therefore either only above or below the molten metal. 'I'his 
arrangement, which naturally only allows the electrode above 
the bath to be of carl)(}n, from which the current Hows to 
the liquid steel in the form of an arc, allows the other pole lying 
beneath the bath to be of a special formation. Xn the Girod 
furnace this bottom electrode consists of a number of soft iron 
rods, which are arranged at the edges of the hearth, as seen in 
the horizontal cross-section of Figs. 6r and 62. In order to avoid 
these bottom electrodes from melting olT too *far, the parts pro- 
truding through the furnace bottom are water cooled. During 
the operation then a part of these electrode.s melts away, after 
which pasty layers, followed by solid ones, issue toward the 
bottom of the electrode material, as soon as the cooling on t)ne 
side is balanced by the heating on the other, d'he part of the 
electrode which is melted away is about 5 to 10 rw. (2 to 4 inches) 
long, whereas the space for the water-cooling at the lower end 
of the iron block is 150 mm. (6 inches) deep. ''I'his water cooling 
not only provides a nearly unlimited durability to the bottom 
electrodes, but it also materially aids the life of the bottom 
refractories. From data given by Borchers, the furnace bottom 
is said to last 120 to 160 heats when melting cold stock, before 
repairs are necessary. During this time the bottom wears away 
to the extent of 100 mm. (4 inches), whereas the walls of the 
furnace need repairing after only 80 heats. 

It may also be mentioned here, that Girod endeavored to 
utilize air cooling in place of water cooling for the bottom elec- 
trode, but at present water cooling is again generally used. 

What has been said of the H6roult furnace relative to the 
hanging carbon electrode also applies here. The adjustable 
electrodes are held in their supports, which are in turn fastened 
to the furnace. The regulation is automatic and the Thury 
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regulators arc used. Another similarity is to be found in the 
method pursued for cooling the furnace roof, where the electrodes 
enter the furnace. 

The openition of the furnace and, with it, the duration of 
the treatment, is much the same with the Clirod furnace as with 
the Heroult. I'his ajiplies as long as hot charges are being 
treated, for when it comes to melting cold charges, the (lirod 
furnace shows undeniable advantages over the Heroult furnace. 
This is because the vertical jjath of the current does not permit 
any short circuits at almost full voltage, when the ui)i)er electrode 
touches the top of the scraj) pile. When the electrode is lifted 
clear of the furnace, the .scrap entirely fills its interior, and the 
short circuits are avouled, as the current jiath nece.ssarily makes 
a multitude of small arcs between the various pieces of scrap, 
d'his eciualizes the heating of the whole furnace content, thus 
causing the whole charge of scrap to gradually coUat)se and melt. 
However, it must not be left unsaid that the above conditions 
are present only when the scrap is charged into the furnace as 
the best operating contlitions of the furnace demand; that is, 
the scrap is not to be thrown in arbitrarily. The most advan- 
tageous condition for melting cold slock is when tins is in the 
smallest of t)ieces, and the conditions become more disadvan 
tageous with the growing number of larger jiieces. h'or lliese 
latter ofTer far loo little resistance to the current, if the above 
method were u.sed by starting with the utnier electrode touching 
the toi) of the .scrap ])ilc. Similarly it is alway.s necc.ssary to 
.s])rca(l a layer of the smallest sized scrap on the hearth, so that 
good contact can he made from the start with the bottom elec- 
trode, the end of which naturally lies a little low after the furnace 
has been in operation for a while. In order to make a good 
contact possible between the bottom electrode and the charge, 
care must be taken that no slag remains in the indentation 
over the iron electrode, otherwise this cold slag would act as 
a conductor of the second class, and In this state act as an 
insulator. 

We now come to the electrical condilious of the (Jirod furnace. 
Heretofore this furnace has been built mostly in two sizes. The 
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smaller size of 2j j ions eapacily shown by Fig. Ox and the larger 
size of JO and 12 tons shown by Fig. (>2. 'riie smaller furnace 
takes about 300 K\v. and the larger from 1000 to 1200 Kw. As 
the current is only interrupted by one arc the resistance of the 
whole circuit of the Clirod furnace is comparatively small. From 
this it follows that a comparatively low voltage suHices, in order 
to give the furnace its needed energy. The voltage therefore 
for the 300 Kw. furnace is from Oo to 65 volts, and with the 1000 
to r2oo Kw. furnace it is 70 to 75 volts. 

d'he single j)hase furnace has only two poles, one above and 
one below the bath, naturally only single phase current can 
be used. As tlie first Ilcroult furnaces were operated almost 
exclusively from 25 cycle c'ircuils, so the (iirod furnaces at first 
operated exclusively from circuits of this periodicity. The 
first trial furnace of 1/2 toui^ taitping weight oijerated from a 
35 cycle circuit, using 40 to Oo volts, 4000 to 6000 amiieres and 
giving a power factor of 

I'he low voltage of the (lirod furnace naturally necessitates 
a comparatively large current, and with it very considerable 
cross-sections in the conductors between the furnace transformer 
and the furnace. I'his is very noticeable when comparing the 
furnace with a II6roult furnace having an equal charging capacity 
and the same power ini)ut. It is this lower voltage which malces 
this part of the installation more exijcnsive than would be the 
case with a furnace having a higher operating voltage. We 
must, however, take into consideration that the lower voltage 
also has its advantages. We only mention the fact that it is 
easier to insulate this voltage from the furnace refrac- 
tories, and there is less danger for those operating the 
furnace. 

The Girod furnace now also Ixuilt polyphase is no longer 
youngest among the better known arc furnaces. It has since 
consequently been established how best to operate the Jtirnace. 
There is, and justly so, the recurrent opinion that the Girod 
furnace is radically different from the Hfiroult, owing to the 
fact that the bath is connected in the circuit in a different way. 
We have already alluded to the advantage of the current 
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pass'ng through the steel and iron in a vertical direction, when 
melt’ng cold scrap. We desire, however, to discuss the operation 
of the furnace when the charge is melted. 

As we have seen, the current passes through the bath in 
a horizontal direction, in the Heroult furnace, and in a vertical 
direction in the Girod furnace. With the Heroult furnace, 
however, mention is never made of any essential influence of the 
purely resistance heating, which occurs because the current must 
overcome the resistance of the bath, yet with the Ghod furnace 
we often find an important heating effect ascribed to it. In order 
that there shall be no misunderstand'ng, it may be said that the 
different manner in which the current goes through the bath in 
both furnaces causes different effects, yet these effects do not 
cause a greater or less resistance heating, (caused by the current 
passing through the bath,) but rather a difference in the circula- 
tion phenomenon. This may be decidedly more advantageous 
in one case than in another. To which misleading points of 
view our opinions lead us to suppose that the resistance heating, 
(even with a molten bath,) is of considerable influence, is 
shown in a short article on the Girod furnace in Stahl und 
Eisen, for 1908. Here it is pointed out that the depth of the 
melted iron of the Girod furnace may easily be increased from 
30 cm. (12 inches), to 75 cm. (30 inches), or more. With all this 
the pure resistance heating is supposed to heat the whole bath 
evenly throughout its total depth. In spite of this, though, 
Girod with his 10- to 12-ton furnaces only used a depth of bath 
equal to 30 cm. (12 inches). 

A large surface bath has much greater radiation losses as a 
consequence than a bath has, having great depth and a lesser 
surface. The above example of the 12-ton furnace really proves 
that the resistance heating in a Girod furnace can be entirely 
ignored, as soon as the furnace content is molten. We can also 
convince ourselves of this arithmetically. 

If we take, for example, the 2!^- ton Girod furnace, we find 
by consulting Fig. 61, that with a depth of bath equal to 240 mm. 
(9.1 inches), the average bath cross-section is about 1200 X 1200 
sq. mm. (48 X 48 sq. inches). If we take the specific resistance 


i)f the balli at i.()0, as given on page 15. we tind llie olnnii- resist- 
ance of the bath, 

I ...M 

“ p X — =• i.bO X ..?<S X 10 " ohm. 

q r 200 X I .?oo 

A furnace of this kind lakes alxuil ..^oo Kw. at 60 volts. 
With a power factor of .8^'^ it gives a current of 
^00,000 
(.0 X .K “ 

The energy, therefore, Iransfornied in tlu* bath is: 
r X r ~ 6250’' X .28 X 10 - ro.c)4 watts. 

8 


This amount is only 


1000 


of of the .^00,000 watts delivered 


to the furnace, and everybody must admit that any such small 
amount of energy has absolutely no effi'ct on the heating. If, 
on the other hand, we hgurt' the current density in the bath, we 
will see that this comparison also shows the heating of the molten 
metal to be entirely uninlUumced l)y the current llowing through 
this resistance, and that the resistance heating of the carbon 
electrodes is much mort; important than the resistance heating in 

the bath. I'he example we have before us gives, - 

* 1 200 X 1 200 

62^0 ( 62!?0 

« .0044 amperes per S(jiiare millimetre < vV a ’ 

1,440,000 I 1 1 (48X48 

62<i;o 2.71 amperes per / 

" , (’Which allots 2^0 hcj. millimetres to 

2304 Btiuare inch ) ‘ 

I ampere (about .36 .sq. in, per ampere). If we compare this 
with the current density In the earlion electrode, which con- 
ducts the same current that flows through the bath, and has 
a cross-section corre.sponding to a diameter of 350 mm. or 
96211 sq. mm. (13^4 inches dia. gives 149 sq. inches) with the 
300 Kw. furnace, we ob.serve that we only obtain a cross-section 

. 96211 / 140 .024 square in. \ 

per ampere of , 1^.4 sci. mm. ( - ~ « 1 

^ 6250 * ‘ '6250 per ampere. ^ 

With all this it is well to note that the comparison of 

these absolute values gives a much too favorable picture, because 

no consideration has been taken of the higher specific resistance. 

of the carbon compared to the iron bath. In accordance with 
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data on page 15, we figured the specific resistance of fluid iron 
as p = 1.66. This resistance refers to a length of i m. (39.37 
inches), and i sq. mm. (.0155 sq. inch), cross-section. With 
electrodes in the operating condition we figured p = .0056 (see 
page 130). This value corresponds to a length of i cm. (.4 inch), 
at a cross-section of i sq. cm. (.155 sq. inches). If we convert 
this value to one corresponding to a length of i m. (39.37 inches), 
with a cross-section of i sq. mm. (.0155 sq. inches), we acquire 
the value for carbon in the operating condition, when p = 56. 

56 

That is to say, the specific resistance of the carbon is ^ ^ 

or say, 35 times larger than that for iron. From this it follows 
that even with equal lengths and cross-sections, 35 times as much 
energy is transformed into heat in the carbon as in the iron bath. 
It is obvious that the carbon has a much smaller cross-section 
and a much greater length than the metal has, evincing that the 
consequent heat distribution is much more unfavorable for the 
iron, when considering only the resistance heating. The true 
ratio is therefore not apparent by the above partial calculation. 

We will now consider the comparison of this furnace with 
the ideal furnace. We first come to the amilahility of any kind 
of alternating current and refer again to the former remarks, that 
now besides single phase current, three phase is also available for 
this type of furnace, as the use of three phase current no longer 
comes in conflict with the principle underlying the furnace design. 
Alternating current is usually generated at a coinfmensurately 
high voltage, brought to the vicinity of the furnace, and there 
transformed into a stationary transformer to the wished-for low 
tension current for the furnace. 

It is just as difficult to entirely avoid the power Jhictualions 
with a Girod furnace as it is with a Heroult furnace ; yet it is to 
be observed that with the Girod furnace the current fluctuations 
in actual practise are neither as violent nor do they occur as 
often as they do in the Heroult furnace. In spite of the current 
fluctuations being smaller, they are yet important enough in a 
2^-ton Girod furnace, which takes 400 Kw. on an average with 
a power factor of .80%, to recommend that a 500 to 550 Kw. 
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machine be employed. 'Fhis example may properly show why 
the initial cost rises which really becomes nolk'eable here, all 
due to these power fliictiiatioiis. Finally, we may again mention, 
that the automatic regulation is accomplished by means of 
Thury regulators. With Clirod furnaces, these regulators are st‘t 
to keep the current constant, and they in turn give the electrodes 
their proper setting. 

The easy of the incoming (‘uergy in the Clirod 

furnace is the same as with all otluT electric furnaces. 

The clcctriail cflicinicy of the furnace is inlliu'nced, first by 
the probable installation of a rotary transformer, or by the 
losses of the stationar}' transformer, (neglecting the losses in 
the conductors,) and finally by the losses at the furnace, due 
to the electrodes. I'or a gi'iieral calculation we can use the 
following values: 

Kfilcucncy of l!u‘ rotaiy tratisforriicr 85% 

KlUciency of llu' Hiaiionary iraiiHf(4rnu'r <)(>' v ^(>97% 

Eflicicnc.y of iho carbon clcclroUcH iuclutliuK the heat 
conclucliofi loHHcs c)C)% 

All Ciirod furnaces are made of the /////ng varicly. The 
hearth is easily surveyed, and perfectly accessible for all oiieraling 
conditions. 

Wc now come to the clrculalkm of the melted metal and once 
more to the fact that the peculiar i)ath of the current in a (Jirod 
furnace is of added Importance, d'his circulation begins with 
onic or more current centres above the bath, and goes to the 
bottom electrodes set around the i)eriphery of the furnace. Figs. 
63 and 64 show the diagrammatic connections for the current 
paths in a Clirod furnace. Mg. 63 being the plan view and Mg. 64 
showing the cross-section at a c,^ The dots and cros.ses indicate 
the lines of force, which follow the arrows according to the law.s 
given in Chapter III. As lines of force of the same direction 
repel while those of opposite direction attract, and as the molten 
bath in a certain sense can be regarded as a movable conductor, 
with the vertical electrodes over and under the bath considered 
as fixed conductors, we find in the molten steel certain circulation 
phenomena, as shown by the arrows in Fig. 64. 'fhat is to say, 
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a definite circulation will appear throughout the entire bath, of 
such a nature, that a current of metal can be observed going 
from the walls of the furnace toward the centre, from there to 
the bottom, and back again to the walls. The strength of this 
circulation phenomenon depends on one hand on the strength of. 
the current which flows through the bath that is then collected 
at the electrodes, and, on the other hand, on the depth of the 




bath. For it is evident that the circulation in the bath would 
instantly cease if the metal currents were in a vertical direction, 
instead of being in an almost horizontal direction. If the bath 
has a comparatively great depth, we would approach the vertical 
direction condition. We ascertained before, that as the heating 
in a Girod furnace is practically entirely from the arc, a great 
depth of bath is therefore precluded, so we see now that the 
advantageous mixing in the bath would cease if this were, say, 
over 40 cm. deep (about 16 inches), this adequate mixing being 
present with shallow baths or those of normal depth. With poly- 
phase furnaces one or two phases are purposely unbalanced so 
that an appreciable amount of current will flow through the 
neutral or centre point of a star connection, which goes to the 
bottom electrodes, thus adding to the circulation. 

The application of the Girod furnace for the steel industry 
is one of the widest. It has already been said that very good re- 
sults are obtained with furnaces of the 1 2-ton size. Here, however, 
they already use four electrodes of considerable cross-sections. 

There is then no reason why Girod furnaces cannot be built 
of the same capacities, as, for instance, the H^roult furnaces, 
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even though the Girod furnaces operate with a lower voltage than 
the Heroult furnaces, and both now operate with three phase 
current. If the Girod only used single phase current we will 
assume having 1200 Kw. energy at .80% power factor, to be 
used by means of three phase current at no volts on the one 
hand and at single phase current at 70 volts on the other, in the 
former case for a Heroult and the latter case for a Girod furnace. 

Then, per phase, we obtain for the three phase Heroult 
furnace, a current of 


. 1200000 nn 

th = -T-T = 7882 amperes, 

no X 1.73 X .8 

and for the single phase Girod furnace the current: 


1200000 

^ = = 21420 amperes. 

" 70 X .8 

Now Heroult has to deal with 7882 amperes for each phase, 
i.e., three electrodes are needed each to carry 7882 amperes, 
whereas Girod has only once to carry a current of 21429 amperes. 
Suppose we assume that he too uses three electi'odes, connected 
in parallel of course, then each would carry a current ectual to 
21429 -i- 3 = 7143 amperes. In other words, it would even 
suffice Girod to have a lesser total electrode cross-section than 
H6roult, though the latter has a much higher current in the 
electrodes at the same current density. Or we may say: ^‘The 
influence of carrying the current in, one way or another, is of so 
little importance as regards its effect on the carbon electrodes, 
and that the electrode relation in both types of furnaces may be 
regarded as being exactly alike.” Therefore, the same reasons 
governing the maximum size of tlie Heroult furnace cover the 
Girod furnace also, so that the attainable size of either furnace 
is on the same footing. No limitation of tire applicability of the 
Girod furnace any longer arises as the furnace is now also built 
for polyphase current, which precludes expensive rotary trans- 
former units for large furnaces, and enables current of an 
existing three phase central station to be used. If no con- 
sideration need be taken of an existing power plant, even then 
the single phase generators for large Girod furnaces will be more 
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expensive than three phase machines of the same size for Heroult 
furnaces. Regarding the uninjluencmg ejfcct of the electric heating 
on the chemical composition of the bath the comment given on 
page 140 is also applicable here. This applies to all arc furnaces 
which have their electrodes directed directly against the metal 
to be treated. 

Especially worthy of mention with the Girod furnace is the 
influence which the water-cooled bottom electrode exercises, 
even though this influence is said to be of no consequence. To 
understand this, consider that the circular motion in the bath 
also continually renews the coldest material over the bottoin 
electrode, so that in spite of the greater temperature dilTerence 
between the bath surface and hearth liottom, there remain prac- 
tically the same conditions as in the Heroult furnace. 

In coming now to the consummate efficiency of the Girod 
furnace, it may be again said that, compared to the Heroult 
furnace, the proportions of the carbon electrodes in both furnaces 
may be looked upon as being equal to each other. From this 
it follows that not only are the electrical losses equally great, 
but the thermal losses also, for these are caused l>y the hanging 
carbon electrodes. ’ Also, the water-cooling lo.sses, caused by 
the devices at the roof of the furnace, where the carbon electrodes 
pierce it, are by no means unimportant. According to the ref)ort 
of Conssergues these arc about 10%; for it was established that 
the power consumption with the Girod furnace decreased io% 
when it was operated without the water cooling, dlic fact that 
water cooling apparatus is used today on all Girod furnaces as 
well as on nearly all other arc furnaces, may be explained by the 
following reasons, (as discussed on page 100,) first, a tighter ill 
can be made at the water cooling entrance to the furnace, the 
electrodes being better protected against oxidation, and, secondly, 
because the water-cooled boxes allow the furnace roofs to be 
stiffened, wliich latter have their life considerably prolonged. 
Besides these roof and wall radiation losses of the furnace which 
are about equal in the Girod and H6roult furnaces, there remain 
still to the detriment of the Girod furnace the losses of the water- 
cooled bottom electrode. These are avoided in the H6roult 



THE GIROD FURNACE 


1(11 


furnace.' We come to the conclusion, therefore, that the lo.sses 
clue to the cooling of the bottom electrode are — according to 
an address by JVcr.vc/AsYcr.v - “ much less important,” than those 
which are occasioned by the c'ooling where the roof is pierced 
for the carbon electrodes. 

Tn order to further judge the total elTiciency of the (lirod 
furnace, the folU)wing notation is taken from a report of the 
firm, ()hler & Co., of Aarau, in Switzerland. (See Electro- 
chemical and MeUdUir^ical Industry, u;ovH, pp. 45.3 and 453.) 
Here we first find a description of Girod furnace installation at 
the above works, dlie furnace is connected to the jiower of 
the municipal power jilant, through the medium of a motor- 
generator set. "riie 2000 volt, 2 phase current system supplies 
the Older Works’ motor of 450 HP, running at 560 R.P.M., 
and is c'oupled directly to a single-phase^ alternator giving 4600 
to 5000 amperes at 65 to 75 volts and a fre([uency of 37.4 i)eri(>ds 
per second. 'Pwelve heav}” copper cables, each 20 mm. in 
diameter and composed of 12 copper wirt's twisted together, 
carry the current 10 metres to the furnace, 'flu* voltage drop 
is 2.5 volts from the machine to furnace, so that this short cable 
installation alone causes a lo.ss of 3 to 4^,'^. At the end of this 
report we find this statement. It is calculated that tlie elec- 
trical part of the i)lant has an elfidency of 75 to i.e., 75 

to of the energy of the primary cairrent apjiears as heat 
in the furnace. A rather approximate estimate of the calorific 
efficiency of the furnace itself shows about 50% of the current 
converted into useful heat. 

Naturally the efficiency with the Girod furnaces also rises 
as the furnace increases in size. Yet, it is to be noted that, when 


^ With the mme ccmai ruction of the (lirutl furnace an the Ileruult, oi!u*r 
things being equal, the efficiency of the (Jirod furnace muHt be just I hut amount 
less, which corresponds to the water cooling of the bottom electrode. Accord- 
ing to SkiM u, Risen, July 20, 1911, by A. MUller, in a 3-ton (arod furnace, a 
calorimetric determination of the heat carried out in the cooling water of lliche 
bottom electrodes gave ro.i kilowatt-hours far the 130 miniUe run and aimut 
i.oi per cent., or 2.9 kilowatt-hourfi per ton of «teel [)rodnce<l. The cooling 
water used in the tap electrode carried out 36.7 Kw. hrs., 3.65% of total 
energy supplied or 10.5 kilowatt-hours per ton of steel. 
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the number ol the iii)per elcetrodes is increased, the elhcieney 
curve decreases here as well. I'he reasons undcTlying this were 
given in the preceding chajiler on the ITeroult furnace. 

The costs of a 2jTtDn Clirod furnace, including the electrode 
regulators, the switchboard instruments, tlu* tilting mechanisiti, 
its motor and short conductt)rs between the furnace and its 
transformer or the dynamo room, total al)ou{ $15,000. A large 
furnace of 10 to 12' j tons with the .sanu' etiuipnumt will c'osl 
about $30,000. I'o this must be added the transformers and the 
royalty charges. 

The cost of a complete Clirod furnace installation, but ex- 
clusive of the transformer or generator, and consisting of an 
operating and a reserve* furnace each of 2 tons capacity, togetluw 
with the necessary c(iuii)ment for pouring the steel, ami the 
accompanying buildings, total, according to Horchers, about 
$40,000 to $60,000. An installation with a jo- to liji-ton 
furnace and a reserve furnace of the same size will cost aliout 
$60,000 to $80,000. 

d'hc power consumption witli the Clirod furnace is about the 
same us that given fur the M6roult furnace. What diflVrences 
there may be due to a mure or less favorable edtciency can be 
omitted when making arithmetical calculations, as the |>ower 
consumption iigurt?s depend largely on tlie elhcieney of tlie 
furnace, the electric power at the terminals, as well as on the 
charge and the final proiluet. The composition of the final 
product produces much greater variations in the [jower con- 
sumiition, than the ditTerence.s in the efllcieney. This, of cour.se, 
does not hinder the furnace with the better eflieiency to t>p<;rate 
with less i>ower and consec|Uently with lower current t'osts, 
provided that an eepud start is made with like raw materials, and 
like final products utdiieved. 

The electrode consiimptian with the Girod furnace may be 
t^Ucen to be the same as with the H6rouIt furnace, for there is 
no reason why the electrcxle consumption should be less with 
one furnace than with the other, when about the same electrode 
cross-sections are used in either case. Should there be given, 
ncverthclesH, larger or smaller values for the consumiition 
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figures, in one ease or another, the larger wear can, in no case, 
be based on the principle of the furnace. Consecpiently if ww 
furnace is to have any advantage over the other, it must dejiend 
on its more or less successfully constructed details. 

In ortler to give the reader an idea what these furnaces look 
like, Fig. (15 is shown. 'I'his pictures a 5-lon iiolyphase (lirod 
at a (lerman Steel Works, d'he three electrodes can be jdainly 
seen. 

As the ]n*eceding chapter on the Ileroull furnace was closed 
with Heroult’s own opinion of the advantages of his furnace, so 
this chapter is closed with the deduction of Horchers, where 
he proves the superiority of the Ciircul furnace over the Ileroult 
furnace. 'I'hc (luotation is takmi from Stall! und Risen, 
U)og, page i()47. where Horchers says: “I strictly maintain 
that today there is no electric furnace for the refming of metal 
wliich excels the Clirod furnace. I make s[)ecial reference to the 
uniformity of the current distribution; the uniformity of the. 
heal generation in the bath; the low voltage between poles, the 
conseciuent lesser insulation diniculties; followed by the con- 
se(|uent le.sser danger to the operatives; on, ac'count of these, 
circumstances, it excels in its simplicity cjf construction as a 
whole, und In its operation." 

It is well to compare this with the opinion of Ileroult given 
on page 142. Lastly we may add that, if we consider only the 
evenness of the current distribution, and the heat generation as 
above mentioned, these alone should be enough to decide the 
(luestion. 'I’hut there is an advantage in the lower voltage goes 
without saying. I’o these we might add the further advantages 
of the smaller current lluctuations, especially when melting down 
t'old stock, while the opinitm regarding the greater simplicity and 
the greater safety tluring the operation of one furmue over the 
other, may lie left to the reader. Regarding the upidication of 
the (Urod furnace, refiTence Is had to the statistics in the 
closing chapter. Licenses for (iirotl furnaces may be had from 
the inventor, Paul Clirod, Ugine, Savoy, France, or from his 
American representative^ C, W. Leavitt, New Yurk» 
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In 1878 Siomons exiKTimonled with a radiating arc furnace 
having two horizontal electrodes as shown l)y Fig. 5. d'wenty 
years later Stassano tried out his first radiating arc furnace, 
single or polyphase, with electrodes rigidly horizontal or nearly 
so in a vertical i)lane. This was the first i)ractical application 
of Siemens’ idea for electric furnaces in the iron ancl steel in- 
dustry. Both of these applications allowed the flame to remain 



above the bath without giving it any particular direction toward 
the steel to be melted or treated. 

In 1912 Rennerfelt brought out his directionalized radiating 
arc as shown by Fig. 65a. This shows two horizontal electrodes 
and one vertical coming together at a point to make the are, - 
the larger amount of current coming from the top electrode and 

m 
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forcing the arc flame violently toward the bath. Rennerfelt 
was granted patents covering this, the first United States patent, 
dated October 23, 1913, No. 1076518, etc. In the improved 
form the side electrodes can be tilted in a vertical plane, as shown 
in the original patent drawing, and better by Fig. All three 

electrodes are lowered as the charge melts, and when molten 

the. best height is chosen for the 
flame to be above the slag covered 
charge. It is notable that the 
material being treated does not 
conduct the electricity in any way. 

Before describing further details 
of this furnace, we mention briefly 
an account of its development. In 
1912, the Bultfabriken in Halsta- 
hammer, Sweden, started the first 
commercial furnace of this design, 
since which time over one hundred have been placed in 
operation, due to a simple form of furnace, easily responding 
to the metallurgical demands made upon it. 

Regarding the furnace itself, this resembles a tilting open 
hearth, much as the Heroult furnace does. Perhaps the main 
resemblance between all three being the fact that these are the 
main electric furnaces of the arc type, except the Stassano, hav- 
ing a solid bottom like an open hearth. It consists today of a 
cylindrical steel plate shell, with the horizontal electrodes pierc- 
ing the rounded walls, in all sizes up to three tons holding 
capacity. The furnace hangs in trunnions and tilts by means 
of an electric motor. The whole design is shown plainly on 
Figs. 65& and 65^. The bottom and sides are made in much the 
same way as in other furnaces, and the roof is removable. The 
hearth, being round and having one or two doors, is readily 
inspected and easily surveyed. The roof is slightly arched, 
having a rise of six or nine inches (15 to 22.5 mm.) and is dome- 
shaped. With this size furnace only a single electrode, prefer- 
ably of Acheson graphite, pierces the roof. 

The furnace may be easily charged through the doors, as 

iSeeA.E.S. Vol. XXXI— 1917 — “ 
ation,” by C. H. Vom Baiir. 
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Rennerfelt Electric Furnace Oper- 
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the electrodes are withdrawn meanwliile. WhciT‘ llu* (.‘leeti-odcs 
pierce the furnace refractories, copper or iron t'oolin|j; clKinilx'rs 
keep the electrodes outside the furnac'c iind bric'kwork reasonably 
cool. Copper water-cooled clamps arci also lu'cessary to fast(‘n 
the conductors to the electrodes. The electrodes an* fi'd hy 
means of worm gearing, and are either hand controlled, with 
push-buttons and electric motors, or with electric* motors 
and regulators automatically. With hand control tin* arc* 
is usually steady, as shown by the curves of Fig. 65c. 'I'hal 



is why, so far, only four furnaces have been equipped with 
either push-button or automatic electric control. With hand 
regulation tlic side electrodes oftentimes do not have to 
be touched for several minutes and tlic top electrode once in 
ten or fifteen minutes. 

Either hot or cold charges can be treated, and, owing to the 
inherent characteristics of the arc, tending toward stability as 
it does, no heavy fluctuations occur. During the melting period 
choke coils are sometimes placed in series with the current 
entering the side electrodes which give ten, twenty or thirty volts 
reactance. These reduce the power factor with sixty-cycle 
current from 95 to 80%. With cold charges no more fluctuations 
occur than when treating hot metal, because the steel, being 
melted, be it in small or large pieces, does not affect the arc 
flame in any way, as the flame is made independent of the. arc, 
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i.c., the continuity of the electricity is made as easily with an 
empty furnace as with a full one. This feature is sometimes 
called upon to heat the bottom after the furnace has been stand- 
ing idle, and is the means of avoiding skulls on the bottom, 

so annoying to the steel maker. 
Fig. 6 ^d shows a photographic re- 
production of the arc flame. 

The steel bath is always covered 
with a suitable slag. With the 
Rennerfelt furnace the entire heat 
comes from above, as in an open- 
hearth furnace. 

Electrically the furnace design 
is such that any frequency can be 
used to advantage and still main- 
tain a power factor of 90%. So far, all of these furnaces 
operate from polyphase circuits. If three phase is supplied 
from the power house it is changed by means of the Scott 
connection to two phase. The prevailing voltages at the arc 
are 120, no, 100, and 80. A three-ton furnace with 750 KVA 
in transformers (two of 375 KVA each), at 100 volts, gives 
3750 amperes at each side electrode, and 5287 in the top elec- 
trode. Care must be taken while operating to see that the top 
electrode is lowered properly, otherwise it will not draw its 
quota of current. The side electrodes may be controlled by 
automatic means, without any electrical complications, but to 
attempt to regulate all three automatically and meet all emer- 
gencies causes serious complications. 

A three-ton furnace takes 

3750 amperes X 100 volts X 2 = 750 KVA, 
and with its 90% power factor, 

.90 X 750 = 675 Kw. 

Acheson graphite electrodes are used usually, and in this case 
those of in. and 6 in. diameter give good operating results, 
especially when having the new cone joint. This gives 3.5 sq. 



Fig. 65 (i. 
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nun. per ampere (182 amperc.s per .sq. in.) for each side electrode 
and about 2% greater density for the top electrode, 'rhi' over- 
hanging portion of the side electrode is one meter 8 in.) 
and the length from the electrode clamp to the arc itself is 
1.66 meters (60 ins.).' With the si)eciric resistance of graphite 
in an operative condition taken at .00085 <^kms per cm. cube, 
the voltage drop is 

<2 = X pi X 4 ' == 3750 X .00085 X 

(j 104 

where I and q are respectively in centimeters and square 
centimeters, equals 2.86 volts per side electrode. The voltage 
drop in the toj) electrode is about the same, giving for the three 
electrodes, say, 8.50 volts droj). From this it is evident that to 
raise the arc voltage from qo to 120, decreases the electrical 
electrode losses from to to f'/o. Acheson grajihite, not being 
quite as strong as amorphous carlion electrodes (ratio 8 to to), 
more care must be taken in handling them to avoid l)reakages 
at the joints. 

The power consmnplion varies not so much with the size of 
the furnace as formerly, l)ut today more with the amount of 
electrical heat behind the furnace. In 1912, 175 to 200 Kw. 
for a i"ton furnace was considered ample. Five years later 
we find 400 Kw. in transformers behind a furnace of this size. 
Naturally the time for a heat is materially decreased. With 
a basic bottom melting cold charges and taking off one slag, 
heats of good steel are regularly taken off, in less than three hours, 
when operating continuously with a consumption of 670-720 
Kw.hr./ton. With an acid bottom, 600 to 625 Kw.hr./ton’is 
common practice with an experienced and careful attendant, 
making a steel suitable for castings. 

Coming now to the comparison between the Rcnnerfelt 
furnace and the ideal furnace, the first requirement, namely, 
that every existing allcrnaling current can he used, is fulfilled only 
in jiart, for each furnace ojierates best at a given i)otcntial, hence 
a set of stationary Transformers are re((uircd for stepping down 
voltages as high as 22,000 directly to, say, no at the furnace. 
The use of transformers with arc furnacc.s is almost universal. 

’•Ton of 2,000 11 ). avoircluf)oia. 
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Seldom with modern installations is the furnace directly con- 
nected with its own generator, although this was much in vogue 
in the early years of commercial arc furnaces. The frequency 
or phase with tliis furnace is immaterial, and docs not affect 
its operation. That the roof is pierced only once is of advantage, 
as two or more electrodes commg through here weaken the 
arch, even if it is dome-shaped. The electrodes at the sides in 
a 3-ton furnace, for instance, are i8 ins. over the slag line when 
in their horizontal position. They are tilted down from 7 to 
17 degrees for the operating condition, and thus allow of a free 
view of the hearth, never being nearer than 3 ins. over the 
bath and as high as 18 ins. when in the horizontal position. 
They can also be tilted upward, about 7 degrees being enough, 
to allow of a larger charge in the beginning, and when the bath 
is melted this additional space between the side electrodes and 
the molten metal is appreciated by those rabbling off the slag. 
This tilting of the side electrodes is accomplished by turning a 
small hand-wheel. 

From the first, all Rennerfelt furnaces have been able to 
avoid sudden power fluctuations, owing to the fact that the arc 
is made between three points of comparative stability, in com- 
bination with the fact that the arc is forced down upon the 
bath by means of the preponderating power of -the current in 
the top electrode. Stassano had three electrodes with three- 
phase current, but his power fluctuations were most violent, as 
the current surged continuously from one electrode to another 
in a most irregular fashion, due no doubt to the absence of 
any of the electrodes having a greater electromagnetic action 
in one direction than in another, i.e., the Stassano arc is in 
perpetual, unstable equilibrium whereas the Rennerfelt is the 
exact opposite insofar, and yet both are pure radiating arcs. 
When melting cold material no great power fluctuations occur, 
as shown by the curve Fig, 65c, Not much better regulation 
could be obtained, but the labor of one man could be saved 
by using automatic regulators, such as the Thury regulator. 

Easy regulation of the electric power is obtained with this 
as with other arc furnaces. 
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The ckctrical efficiency oE this furnace is about the same as 
with other arc furnaces having three electri)(.les aljove the l)ath. 
'Fhere are the usual electrode losses, al)t>ut 7'’,'^, as already dis- 
cussed for this furnace, besides the transfonner losses, ffff. 

'The demand that the furnace be of the lilting!, variety is 
easily met and the hearth, being circular, with one or two doors, 
is accessible and easily surveyed. 

Even though the carbon vapor with its reducing action may 
hinder the dei,)hosphoriyaition with its necessary oxidiiiing con- 
dition, yet repeated practice shows there is no clifTiculty what- 
ever in reducing phosphorus to its lowest limits, i.e., .002 and 
under, with as low a power consumption as any other arc furnace, 
substantially as discussed in the second paragraph of the book. 

Concerning the motion of the char^Cy there is only that due 
to thermal action, the same as in an open hearth, all the heat 
coming from above. 

The application of the furnace has a wide scope; besides 
treating steel, gray iron sera]) and melting ferro-manganesc, 
is also largely used in the various copper-melting and nickel 
trades. Cold stock is as easily melted, as it is to treat hot 
metal. Miscellaneous steel scrap of any sized i)ieces which can 
be charged through a door 457 X 508 mm. (i8 X 20 ins.) is 
rapidly melted without any more fluctuation than if there were 
only the smallest pieces, because tlio charge is not in the electrical 
circuit at any time. The Renncrfelt has so far only been built 
in sizes of three tons or so, and these furnaces are c>t>eratmg 
well both here and abroad. The life of the roof, through 
which only one of the three electrodes comes, varies much 
with the class of service, the experience of the crew and the 
quality of the refractories. With continuous operation and 
a magnesite roof and bottom, melting cold charges, as much 
as 192 heats from one roof have been obtained. With acid 
refractories throughout and intermittent service, i.e., twelve 
hours or so daily, 346 heats have been obtained with a high- 
powered furnace. A roof lasts many weeks, depending upon 
the conditions, and with a 3-ton furnace with silica brick 
costing $50 a thousand equals I38 for material. The cost df 
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all refractDru's with an aiitl hcarlh in surh t asrs is alKuit 70 lu 
i^o cents per tnn nf metal jumreil. farlmruudum ((’Si) arch 
lirick, cnvered hy a layer of silit a anh. and sometinu's hy Kiesel- 
guhr brick, havt* lasted i>vcr xw heats. With an experienced 
crew a silica roof is cheaper, and with tareless isperators the 
carburiuuUun brick root. 

I'he electrode eonsiunption, vvlu-n Using Acheson graphite, 
varies considerably with conditions. 'The amount of air leaking 
into the furuaci' at the side elei trcule t tioling boxes wears them 
away perhaps more than any other thing, heme these apertures 
are kept tight by means of asbestos washers. 1‘he eli-ctrodes 
should not be too large, as the wear also depemls upon the 
surfaee exposed. High powered fm nates making tjuhker heats 
eonse(|uently use less elet lrtKles. titht-r things being etjual; 
to .P5 kg. {5.5 tt> 7.7 lbs. I per tt>n of t t*hl metal tharg«‘tl is nun- 
nujii with the best prat tite. 1'!iis dttes m»i im hide breakages, 
which can be avoidetl by taking proper pret autituis, 

Shigs can readily be changetl and finessiiate ,Hy Kw.hr. 

per ton ft»r each atitlilitmal slag with ordinary basic steels. 
With ttiol steels mtire |Hiwer usually ttaeaimed, 

'Fhe therniul ellittenc) thrs n*»t «le|Hiid so mm h t»n the 
furnace .si/.e as formerly, maini)' on attounl t»f the |Mm'er ntiw 
placed tin these furnut'e'». For im 4 aiHe. 

l‘he I hin hii?» to ,|rx) Ki%x 

" j " '* fitMi 

*' ** " nocn 

Larger furnaces are contemplated, using more than one set of 
electrodes. The rllicieriey is greatly liurra'^-ti if the o|a»ratm 
is continuous, twenty -four liotifA daily for the week, instead of 
.shutting down eaHi riiglil, even though lor only a Itwv hours. 
H a furruuT is shut down overiiiglit, llir first heat usually takes 
300 and the second ttxj Kw,hr. more |wr ton lltafi the third or 
fourth heats, which are tHiially norma!. HiL can In* runnider- 
ably cut down by healing llir fiiriiaM- with an cal or gas burner 
during ihc' idle iwrlori. The iiiaxinnim rfln inn y can Iw rrgardetl 
as ai'iproarhing 75*^'^ wdirn o|»efa!iiig wilder a i-oiiibinatinn of 
most favorable rc»ndtttons. 
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The installation costs of Rcnncrjclt furnaces vary considerably. 
A 3-tou furnace complete in every respect, read)’ to operate, 
complete with 900 KVA, in Lransft)rmers, including a luaivily 
discounted royalty, is 137,250. A i-toii under similar con- 
ditions costs $18,800. These furnaces arc also sold without 
transformers and also under royalty conditions, both reducing the 
initial investment. 

All Rennerfelts operate from polyphase current and from 
various frequencies from 25 to 60. Hand regulation of the 
electrodes is usually suflicient and automatic electrode regulation 
would be. an additional cost of about $1,500 per furnace. The 
costs are exclusive of foundations, installation costs, transformer 
room, etc. 

The advantages which Rennerfclt himself gives over other 
arc furnaces may here be cited : 

1. The heat is generated with an arc with tlic absence of 
exceedingly hard strains on the power supply. 

2. On account of the steady power and because of the large 

flame widely diffused and violently directed downwards as 
shown on Fig. 69, the heat is communicated to the charge ciuicker 
than with arcs of the thin pencilled made l)etween the 

tips of the electrode and the bath; besides this the arc distance 
above the bath is variable, the flame size and power remaining 
the same or not as desired, thus increasing or decreasing the 
mushrooming effect of the flame on the bath or material being 
melted or treated. 

3. The furnace operates with i)olyphase current, and yet is 
only pierced once through the roof by an electrode; thus the 
roof is stronger than if two or more electrodes made holes through 
the roof necessary. 

4. The heat gradient in an electric arc is greater if it takes 
place in the widely spread out zone rather than in a narrow 
space, and the radiating arc is a more rapid way of transmitting 
heat than with the shorter flame arc. 

5. There is no water cooling below the bath, which conse- 
quently avoids danger from explosion from this, source. 

6. The arc being “free burning,^’ i.c,^ sustained Ijctwceii the 
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Fig. 65 r.. — Omt-um RcsMffek, sbowiag asfe electrcKfe in maxiinjim tilting position. 
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tips of three electrodes, the electric ilame can he kept in the 
furnace when there is no metal on the hearth. 

These claims should be compared with the advantages put 
forth by Ileroult and Ciirod, as mentioned in their respective 
chapters. 

The lirst Renner felt was built like a barrel lying on its 
curved surface ancl the side electrodes coming through the flat 
ends. The models soon following kept the l)arrel shape but 
had a door at one Hat end, lying on the curved surface as before, 
but the side electrodes jnercing the curved surface of the cylinder. 
Next came the square shell and the rectangular brick work, 
then the rounded brick work in the square shell, and lastly 
the inevitable model approximating more nearly a sphere than 
all other models, viz.: the cylindrical shape like an upright 
barrel, with or without a truncated bottom, and always now 
with a dome-shaped roof, the side-tilting electrodes piercing the 
curved sides, h'ig. 65^ shows this latest model with the side 
electrodes shown at the maximum tilling angle downwards. 
They can he tilted upwards also and cH)nse(|uently pass through 
the hony.onlai position, which is now no longer their only 
position. 

The use to which the Rennerfclt has been put is shown in 
the table of statistics. Licenses may be obtained in Sweden 
from the Aktiel)olaget Elektriska Ugnar, Stockholm, for prac- 
tically all of Europe, and in the United States by American 
Transmarine Co., Inc., New York.' 

>Sec' A. K. S. XXlX~“"ic>i6-“" The Rtsnrujrftjlt Electric Arc Furnace,” by 
C. H. Voju Baur. 
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THE INDUCTION FURNACE IN GENERAL 


It was (k'nuuislratfd in ('liapUT I\' tliat an iiisulati’d wire 
of a coil carryiui^ I'urrciil gein'ratcs lines of n»rct'. and (hat these 
lines or fields of force, are eonlimially alternating, when alternat- 
ing current flows in the coil, ‘riiene alternating liiu's of forev 
constitute tlie well known underlying jiriiu iple lor all induction 
phenomena. It is therefore i-vitlent that in an elet trieal con- 
tiuclor which lies in the field of ainitlier eonduclor, a current will 
he induced, which will he proportional to the niunher of lines of 
force cut in unit time. 

This fact immediately gives u-'* the information, hy the aiil of 
which we are enuhletl to obtain any eurrenf strength hy induction. 
Wc merely have to oversee that the t ondm tor in which we desire 
to imlure the eurrejit shall he cut with as man\ lines of f<»rce in 
unit time, as will give the wisfied for t urnait totulitioiH. 

In order to acltieve this we encounter thcM* various possi- 
hilities: 

Imagine a certain numher of lines of foiae, rai?wd to twice 
their slrengtli. 'Fhen we should find that a titrn of wire, lying 
in this magnetic field, would have twit t* llie elet tro motive force 
generated in it as in a field of only the original strength. When 
the magnetic line.H are tloubled, then, the t tuichn tor is c ut with 
twice the number of lines of fom* in the same time. 

1’he same elTed is acc'umplished, however, when the field is 
kept at its original strength. If two turn*^ arc* used instead of one, 
where they are both t uf by the same mimher of lines of force. 
What we have tlien in this case is an im Teasing numlH*r of turns, 
and with it a raise in the voltage in the induced loil; because 
for the moment wt* may think of tlu'se two tut ns as being Heine 
rated in such a way, so as tt» give uh two separale turns, each 

ITH 
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having the same voltage that one turn has now. Finally the 
potential in the indueetl eireuil ma}' l)e increased, by raising the 
velocity of the current allernations, and this leads us to a change 
ill the freciuency. And as the induced voltage is [)rot)ortional 
to the velocity of the alternating lines of fort'e, it is evident that, 
a current of 50 cycles will give twice the induced voltage a 
current of 25 cycles will give, other things being eepud. 

If we now ('oinbine the three nietliods into a formula, which 
influence the conditions in an induced circuit, wo obtain — 

c - c X i' X s X y 
where e denotes the voltage 

p denotes the freciuency 
,** denotes the nuinbcT of turns 
N denotes the nunibcT of lines of force 
and (’is a c'onslanl. 

We have so far assumed that our line's of force, generated 
by the aid of a wire coil, sought their patlis through the air. 
fl'his arrangement is, Iuavc'Vct, very disadvantageous because 
the air is a very poor magnetic conductor (being only r/iHo as 
good as iron). The lines of force in this way seek the shortest 
path, resulting in the conseciuences (for instance, with a coil of 
a great number of turns) that only a part of the turns are cut 
by the total number of lines of force, whereas for the remaining 
turns only a part of the total lines are taken into consideration 
at all. In order to keep the lines of force from spreading, or 
straying, as it is called, we provide a good magnetic conductor 
for them, which forces them to take advantageous and prede- 
termined paths, clue to the high magnetic conductivity, which 
in turn gives a good inductive action. 1'hese things give us 
the so-called transformer. 

Fig. 66 shows the principal arrangement of a transformer 
as it is commonly used, as well as for induction furnaces. In the 
figure, /Cl and Ab denote the transformer cores, and Ji and /g 
the yokes. The wire coils are wound on these cores. The coil 
receiving the current from an outside source is called the primary, 
and the coil delivering the useful current is called the secondary 
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winding. Both coils are separated from each other by suitable 
insulation. 

If these yokes and cores were made from solid pieces of iron, 
then it would not be possible to avoid the considerate losses due 
to eddy currents, as set forth in Chapter IV. Therefore, in 
order to bring these losses down to the smallest percentage, the 
iron cores and yokes are built up of many thin sheets of iron of 




.3 to .5 mm. (.012 to .02 inches) thick. These sheets are insulated 
from each other by pasting sheets of paper on one side, about 
i/io as thick as the sheet iron, and the whole then held together 
by means of screws. Large core cross-sections are divided into 
separate divisions, which are kept apart by so-called ventilating 
ducts, by means of which the already low hysteresis and eddy 
current losses and their consequent heat generation are nullified. 
Fig. 67 shows one of these core cross-sections. 

If the primary coil of a transformer is energized with an 
alternating current, which must necessarily produce an induced 
current in the closed secondary circuit, then the iron core will be 
permeated with magnetic lines of force, which is common to both 
coils: As the primary and secondary coils, besides this, must 
have the same frequency, we obtain the equations for the volt- 
ages in both coils, as follows : 

ei^CXvXNX Si 
and 


62 = CXvXNXs2 
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from which it follows that:— 

iiL A 
<’2 <^2 

.Vo 

In this ratio wc call the factor the rn/fo of Iransformaiion. 

The cciiiation signifies that:"- 

The vol[a,qe is pro horliomil to I he number of iurns. 

By applying a clitTerent nuinl)er of turns in a transformer^ 
wc obtain a means whereby an}' existing voltage may be changed 
into any other voltage, and one thus suitable for the operation of 
electric induction furnaces. 

In tliis way transformers are nearly always used in alternating 
current installations. For this method makes it possible to 
transmit power over great distances at high voltages and at 
small currents, thus using only smaller and cheaper conductor 
cross-sections, from the central station to the t)oint of power 
consum]:>tion. At that place llien a transformer is erected, by 
the aid of which, the high primary voltage is changed to any 
desired secondary voltage, which may be most advantageous 
for the particular a])paratus- 

We have already observed that transformers arc used in this 
way for arc furnace installations. Alternating current provides 
such a convenient way of transfonning energy in stationary 
transformers, and this together with its lack of chemical influence 
constitute the two factors responsible for the reason that all arc 
furnaces are operated with alternating current today. 

With the present technical i)erfection of the transformer 
this last may be regarded as a sort of interposed apparatus, 
which produces at a different voltage, almost the same amt)unt 
of energy which it receives. I'hat is to say, the losses in a trans- 
former are extraordinarily .small. With transformers of more 
than 50 kw the losses are from 2 td a maximum of 3%. Even 
though the efficiencies of transformers for electric furnaces will 
fall slightly on account of the necessary overload capacity, yet 
we may consider, for the sake of simplicity, that the total primary 
power is given up in the secondary circuit. 



180 ELECTRIC EURNACES IN THE IRON AND STEEL INDUSTRY 

Then the primary power pi = Ci ii, 

and the secondary power pz — ez 

where px ~ pz and consequently ex ix = 62 iz- 

From this it follows that 

— = — = — that isr — 

'Iz Cx >^1 

T he current is inversely proportional to the voltage and inversely 
proportional to the number of turns. 

The foregoing conclusion is of the greatest importance for it 
solves the building problems of induction furnaces. Induction 

furnaces in reality are 
nothing more nor less than 
properly designed special 
transformers. Hence every 
induction furnace has its 
iron core and yoke, to 
carry the lines of force, 
and a primary winding, 
wound over one part or 
another of the iron core. 
On the other hand, the 
secondary winding is com- 
posed either entirely or for the most part of the bath itself. 

This point of view enables us to group electric induction 
furnaces — on the one hand into those furnaces where the 
secondary winding is composed entirely of the bath, and on the 
other hand into those where, besides the bath being the secondary 
winding, there is still another winding, made of copper to aid 
the heating. We denote the former as simple induction furnaces 
and the latter as combination furnaces. 

If we take up the first group of simple induction furnaces, 
we see that the different methods of construction can be dis- 
tinguished merely by the way the primary coil is placed, relative 
to the bath. The Figs. 68 to 72 show a number of the most 
prevalent suggestions. In the figures the steel bath is 
denoted by the solid black, (the layer of slag is not shown,) 
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the refractories by inclined hatching and the primary winding 
l:)y cross hatching. Figs. 68 and 69 show the primary winding 
in the form of large radial disks, which are under or ovtn* the hath, 
or as Fig. 68 shows it to be both under and over the metal. On 
the otlrcrhand, Figs. 70 and 72 shows the primary winding in the 
form of a long cylinder, which is placed inside or outside of the 
ring-shaped hearth. With this arrangement wo speak of a 
transformer with cylinder or tnhc windinff and tliose of Figs. 68 
and 69 as having a disk winding. 

In all cases the principle of transfonning the energy is the 
same, and in all cases we shall find the ring form hearth, in whose 
contents the heating currents are iirocluced by means of induction, 
quite independent of the place in the magnetic circuit, occupied 
by the primary winding. It is evident that any of these winding 
schemes can be combined with every other method, and wc may 
therefore state that there is no combination of windings and 
no placing of it at some part of the transformer, that has not 
already been patented as being iiarticularly good. 

It has been shown that we are enaliled to ol)tain any desired 
current strength in the .secondary circuit, by properly winding 
the primary. Fhe first one to recognize these conditions and 
use them in the design of an electric furnace was do Ferranti’, 


’ In lilts ('onnoclitm propc'r credit iuuhI uIhd be givtMi to (’olby. Many 
years after the invention was made, the Kriinklin Institute investigated the 
early patent appliculions of both b'erranti and C'olby and reported, in 1911, 
in part, in speaking of the patents, as follows: 

See British patent to Ferranti, No. 700, Dec. 16, 1887, filed January 15, 
1887. 

U. S. Patent to Colby, No. 428,378, May 20, 1890, filed April 14, 1887. 

IJ. S. Patent to ('olby, No. 428,379, May 30 , 1890, filed Sept. 19, 18H7. . . . 

Between the years 1890 and 1900 no notable application of the process 
appears to have been made. . . . 

Colby’s furnace is most broadly described in his U. S. Patent 428,379. 

It appears evident that the applicant was one of the first to devise the 
elemental features of the induction furnace. . . . 

It is generally conceded that the basic use of the transformer jirindfile to 
electric furnaces was independently applied by both h'erranti and (’olby, the 
dates of their patent applications being but a few months apart. The tubular 
water-cooled conductors, the means of supporting them and the connecting 
devices constitute essentially the features of novelty in the most recent patent 
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who patented his apparatus, as shown schematically by Fig. 
68, in 1887. Even though his design was never put to practical 
use, we see how completely de Ferranti and Colby had at that 
time mastered the problem of heating by induction currents. 

If we use the furnace form as, shown in Fig. 68, in order to 
obtain a clear view of induction heating, we observe that the 
middle core of the transformer carries the primary winding and 
that the furnace hearth is arranged concentric with this. There 

of Colby. . . . The forms of induction furnace depicted in the early 

Colby patents closely resemble those adopted in present-day apparatus and 
although but a joint pioneer in this field, his original designs are distinctive 
in anticipating the subsequent state of the art. 

In consideration of its originality and wide and successful commercial use, 
the Institute recommends to the Philadelphia Board of City Trusts the award 
of the John Scott Legacy Premium and Medal* to Edward Allen Colby of 
Newark, N. J., for his Induction Electric Furnace. 

Adopted at the Stated Meeting of May 3, 1911. 

(Signed) Walter Clark, President, 

R. R. Owens, Secretary. 

Geo. a. Hoadley, Chairman of the Committee on Science and the Arts. 
* Medal shown herewith: 



Fig. 6ga . — Facsimile of medal awarded to Colby for- his induction 
furnace by the Franklin Institute. 
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is no secondary winding of copper such as we usually find with 
ordinary transformers. Should the ring-shaiied hearth be filled 
with molten iron, as shown in (he figiuw vv<; ma.}'^ r(‘gard this ring 
of iron as the secondary ndnding, which is composed of only one 
single turn. Induced t'urrents will, therefore, appear in this 
iron ring, the same as they would in every other electrical con- 
ductor which lies in an alternating current magnetic field. 

As the iron ring comprises in itself one short-circuited tum- 
or a short-circuit — consecjiiently all of the energy of the secondary 
circuit is transformed into heat, as the secondary current has 
to overcome the resistance of the iron bath. The heat quantity 
generated is proportional to P r, that is, it is proportional to the 
product of the square of the current and the resistance. As the 
resistance of the iron bath may be regarded as being practically 
constant for a given charge, it is evident that any desired tem- 
perature may be obtained* by raising the current and, of course, 
first of all, by a jiroper choice of the primary turns; for the 
secondary turns with these furnaces are always equal to unity. 

Suppose we had an induction furnace, possessing loo turns 
in its primary winding, and at a definite voltage of, say looo, it 
took 100 amperes, we would obtain a secondary current value of 

. . Si lOO 

^2 w X * loo. » loooo amperes. 

I 

On the other hand, if we had a furnace wound with 120 
primary turns, and taking the same 100 amperes as before, but 
at a correspondingly changed voltage, we would obtain a current 

of, 

X » ICO. * 12000 amperes, m the bath. 

I 

These examples show how the number of turns influences 
the secondary current, and consequently the attainable tem- 
perature of the bath. It is, therefore, the part of the furnace 
designer to so choose his proportions, that he may in any case 
reach the desired temperatures, for his particular case.. 

^ See Am. Bdectro-Chernical Son'ety, Sept., 1912, (wiper by C. H. Vom Baur 
on "Electric Induction F'urnacea for Steel," giv-ing an instance where the 
temperature of steel in an induction furnace reached 2550® to 2600* C, 
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During the operation it is, of course, precluded that any 
primary turns of the furnace transformer be changed. Still, 
during the time of operation, temperature changes are desired, 
which in turn calls forth changes in the energy absorption of 
the furnace. But even these changes arc easily made. We have 
only to realize that the load on the furnace transformer is brought 
about solely by the particular resistance of the iron bath, which 
we may consider as a constant factor for a definite charge. It 

e 

is now apparent that we have in Ohm’s Law i a simple 

remedy for changing the energy, and thereby the current, by 
simply altering the voltage for the primary winding. 

Necessarily the secondary voltage and its current are instantly 

changed as e<i.~ ei~. 

If we now review the above, regarding induction furnaces, we 
find: — 

1. The charge in induction furnaces is heated, solely and 
alone by reason of the current overcoming the opposed resistance, 
and to any practically desired temperature. The induction 
furnace is therefore only a particularly favorable type of resis- 
tance furnace, which allows a complete and even heating of the 
metal, without producing any overheating at any point. 

2. By changing the primary voltage at any time during the 
operation of the furnace, the temperature of the charge may 
be raised or lowered at will, either quickly or slowly. At the 
same time the heat in the entire furnace contents is altogether 
uniformly raised or lowered. 

If all induction furnaces possess these qualities, what differ- 
ences are there then between the different arrangement of the 
windings as far as the molten metal is concerned? (See Figs. 68 
to 72.) 

It is well to state that the differences between Figs. 71 and 
72 are purely constructive, as the double magnetic path halves 
the cross-section of Fig. 72, opposite the simple path with the 
whole cross-section of Fig. 71, yet does not in any way produce 
any new electrical effects. Therefore, these two types of Kjellin 
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fiiriKU'i's only tlilTer in Ihoir t)ulwaril iippearancc, without either 
one or the other of the iron cores giving any advantages worth 
mentioning. 

Substantial diCferenees may, therefore, only l)e found in the 
arrangement of tlie coils, ami these follow different directions. 
It is evident that the sugg('stion of ('olhy, made in 1:887, (the 
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first to surround the hearth with the winding,) necc.s.sitates more 
copper conductors than the .second suggestion of Kjellin, of iQOo, 
where the primary winding is inside' of tlu' ring-shaped hearth, 
d'he whole arrangement of the Kjellin furnace, by reversing this 
idea, is .simpler than the ('olliy furnace, not only on l)ai)er, but 
also in reality. I'he ('olby funnu'e, as well as the cle Ferranti 
furnace, are today only of historical importance, except for their 
later existing patents. 'Tins leaves only the accomplishments 
of Kjellin and Frick for di.scu.s,sion. 

If we put aside for the moment the fact that the Frick furnace 
does not permit such a general view of the hearth, or allow the 
acce.ssibiUly thereto, on aci*ount of the overhanging cli.sk winding, 
as we have with iht; Kjellin furnace with its coil removed from 
the operating conditions, we find that the chief distinction be- 
tween these furnaces lies in the dilTerent circulation of the bath, 
caused by the changed position of the coil. We saw in Chapter 
in that the motor clTcct of an electric current appears, when two 
conductors with their magnetic fields mutually alTecl each other. 
The dififerent position of the winding cannot, therefore, be with- 
out its influence on the inclination of the bath surface. As will 
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be shown in the following chapter, the Kjellin furnace produces 
the effect of pressing the molten metal toward the outside, so 
that it stands higher on the outside wall than on the inside. In 
the Frick furnace, for the same reason, we find a stronger mag- 
netic pressure on the current carrying molten metal, where the 
bath and the coil are nearest to each other, and this causes the 
metal surface to be more depressed at this point than the re- 
maining part of the hearth. The Frick furnace, therefore, also 
has an inclination to its bath surface, so that this stands higher 
at the outside than at the inside. While this slope in the bath 
is only 4° 34' to 5° 5' with an 8-ton Frick furnace, according to 
the published report of von Neumann of the firm of Freidrich 
Krupp (see Stahl und Eisen, 1910, p. 1071), we see that 
with a Kjellin furnace of the same size, that it is 24°. These 
differences naturally cause considerable deviation in the circula- 
tion phenomenon of the bath, so that these are greater in the 
Kj elfin furnace and to its detriment, than they are in the Frick 
furnace. 

Even though there are certain differences between the Frick 
and the Kjellin furnaces, owing to the different position of the 
windings, still in the essentials of their operation they are en- 
tirely alike. As the Kjellin furnace opposite the Frick furnace 
has found a much more extended use, it will suffice if we describe 
the Kjellin furnace in the next chapter as a representative one. 
In this the secondary coil is composed solely and alone by the 
hearth metal itself. The honor is due Kjellin for producing the 
first practically useful induction furnace. 

In addition to the group of induction furnaces just men- 
tioned, in which the secondary coil of the furnace transformer 
is composed entirely by the bath, there is yet a second group 
of induction furnaces, which has another common copper 
winding, besides the short circuited secondary turn which is the 
bath. 

This second group of induction furnaces owes its existence 
primarily to the fact that the furnaces of the first group have a 
comparatively poor power factor. The cause of this being that 
the distance between the primary and secondary windings is so 
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great, that a large number of the lines of furee ttiki' their path 
through the air, without being able to alTeet tiu' si'condary volt- 
age. We designate these lines of force as, stray lines or leakage 
lines, and the phenomena itself is called magnetic leakage, and 
it is this which oj)erates heavily against the t)ower factor. 

The greater the distance l)etween the primary and secondary 
winding, the larger the magnetic leakage will be, and the lower 
the power factor. The leakage may be l(‘.ssened by placing 
conductors in the jiath of these leakage lines, in which secondary 
currents are generated by induction. As these currents, which 
are generated by induced currents, Jilways have the opposite 
direction of the primary or inct)nung current, (as was shown in 
discussing the self-induction ])henomenon on page 44,) they 
will in turn send out stray lines of force in the ot)posite direction 
into the original stray field , and in this stray field the conductors 
lie. We may look upon this clfect as one where the stray lines 
are pushed back, and in this way the power factor is raised by 
the coils, which lie in the space between the primary winding 
and the bath. 

Patents show a large number of suggestions, in which second- 
ary copper windings are to be em]:)ioyed, in order to gain the 
above result. But the fact must not he overlooked that on 
the one hand a poor power factor increases the initial cost but 
does not increase the energy losses, and on the other hand the 
current generation in the secondary winding (to decrease the 
magnetic leakage) can only be accomplished with energy so it 
is immediately evident that danger lurks nigh, in curing a small 
evil with a larger one. This error is shown by all the designs, 
whose sole object it is to lessen the stray fields, by means of the 
secondary copper winding, in which the heat which is generated 
in these coils is not put to any use; on the contrary this results 
in only enlarging the coaling appliances for the windings, in 
order to protect them from too high a temperature. 

The idea of applying the above-mentioned stray field reducing 
arrangements to induction furnaces, can hardly be looked upon 
as induction furnace improvements, (os we have learned to know 
the furnace in the first group,) as long as no provision is made 
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to profitabl}^ use the currents generated in the secondary copper 
winding. 

This last requirement is fullilled by the Roechling-Rodcn- 
hauser furnace, and, as a result, these furnaces have already come 
into quite extensive iisc‘, whereas all other suggestions to imi)rovc 
the induction furnace power factors from within the coiirmes of 
the furnace proper arc today only on paper. 

It therefore seems sudicienL within the limits of this book, 
besides describing the Kjellin furnace, to merely narrate the 
details of the Roechling-Ro(lenhau.ser furnace, not only because 
these two are the only induction furnaces having found ex- 
tensive use, but also because a discussion of these furnaces will 
be sufficient to give the reader a (dear idea of the workings of 
induction furnaces. At the same time it will also enable one to 
adequately judge the value of any otlier constructional features. 

If in closing we again mention the essential thing about an 
induction furnace, we iind that the characteristic mark of them 
all is the common transformer. 

In the induction furnace we fuid the application of the 
huilt-in transformer to lie of the greatest importance to the 
heating method. For in this way only is it possible to generate 
the strongest currents directly in the iron bath without con- 
duct or losses, so that the molten metal itself may be regarded 
as the source of heat. 

In his addresses before the “Vercin deutscher Kisenhtltten- 
leute,” Borchers says: 

“Here in the induction furnace wo should truly possess the 
most perfect of electrical heating. Here the generation of heat 
goes on solely and alone in the metal to be melted, and in the 
molten bath; the heat transference from other heat sources to 
the metal is not first required.” 

Again when comjiaring resistance furnaces,— and the indue- 
tion furnace may be regarded as a resistance furnace, —with arc 
furnaces, Borchers says: “With both furnaces it is possible to 
reach a temperature of 3500" C. (633 2'^ F.). There will always 
be 3500° C. at the arc of an arc furnace, while resistance heating 
enables any temperature up to this point to be reachedd^ 


( IlAi’TKR Xll 

THE KJELLIN FURNACE 

The first induction funiacc wliich nuidc a nuinc for itself 
as a result of its achievenieiils was the Kjcllin furiuu'e. It 
was conceived in i8gc}; thus the first trial furnace was placed 
in operation on March t8, h)Oq. d'he furnace was only intended 
for a cajiacity of 8o kg. (176 lbs.), with an energy consumption 
of 78 kw. • Steel castings could be made with this furnace, 
only with the extraordinarily high power consiimi)tion of over 
7000 kw hours per ton of steel. W'ith the second furnace of 
t8o kg. (about 400 lbs.), which was ready for operation in 
November, iqoo, this amount was reduced to one-third of the 
original figure. A third furnace followed having a caiiacity of 
1350 (about 3000 lbs.) to 1800 kg. (about 4000 lbs.), which was 
installed in (lysinge on the Dalelf in Sweden. With this furnace 
they succeeded in bringing down the powi‘r I'onsumption to 
about 800 kw.-hrs. per ton when making stet'l from cold scrap, 
and thus, the Kjellin furnace proveil its practical and economical 
adaptability. 

On account of the successful operation of these furnaces, the 
Kjellin patents were acipiired by Siemens & Halske for 

the principal countries of Europe, and under their guidance 
these furnaces were soon used to a considerable extent. 

In the conslrucUon of the Kjellin furnace, the part giving it 
its characteristic appearance is the transformer, which come.s 
up through the centre of the ring-formed hearth. The first 
successfully useful Kjellin furnace was the one having a capacity 
of 1350 to 1800 kg. (about 3/4000 lb.). This furnace is shown 
in its later design in Figs. 73 and 74. The original is of tlic 
stationary type. The transformer consists of two vertical cores 
and two horizontal yokes, d'he.se are comiiosed of thin iron 

XB9 
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sheets, paper insulated, of the usual transformer construction, 
so that the magnetic losses are as low as possible. Whereas the 
yokes and the unwound core of the transformer have a rec- 
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as the core is of circular form and easily wound, on the other, it 
provides for successful cooling of the transformer iron on account 
of its larger surface and thus favorable cooling conditions arc 
provided. For this Kjellin with his first r‘ 2-ton furnace, used 
four one-inch tubes which were placed, one each in the recesses 
made by the section of cross form. These tubes carried an air 
circulation of 40 mm. (1.6 inches) water gauge pressure in this 
winding siiace, which was thus kept at permissible temficrature. 
'This air cooling was also taken from the normal transformer 
design and utilized in this special construction of furnace trans- 
former. Besides this, in order to shield the transformer, and 
e.specially the coil from the radiated heat, (from the furnace 
refractories,) the latter is surrounded with a double walled 
cylinder of brass of 1J 2 mm. (.06 inches) thickne.ss. Fithcr 
cooling water or air is jiassed through this protective cooling, in 
order to keep the heat from the winding and the transfomier. 

I'he temperature of the cooling water coming from the pro- 
tective cylinder was measured during operation and showed 40 
to 50° C. Naturally this protective cylinder could not be a closed 
circuit, or if so, it would form a short circuited turn, which would 
become heated or even melted under the influence of the currents 
which would be induced in it. In ordtT to avoid this the protect- 
ive shield is built as an open double walled ring, while in the 
Kjellin furnace it is bridged over with wood insulation. On 
the outside of these cylinders we find the furnace refractories 
or the brick work, in which there is a ring-shaped space concentric 
with the winding, which comprises tlu; furnace hearth. The 
furnace shell is of sheet iron and encloses both cores of the trans- 
former. 

After the protective brick work has been placed in tne 
furnace, the bottom is rammed in. Then a templet having 
the shape of the hearth, is lowered into the furnace, so that the 
hearth walls of suitable material may be tamped in. When 
this work is finished the templet is raised and the hearth is 
practically ready. The hearth roof consists of special bricks, 
or of small refractory arches held in iron frames, so that they 
may be easily removed. This is necessary as the furnace has 
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no doors, and the hearth and the progress of tlu‘ charge can 
therefore only be watched by lifting off one or more covers. 
When the furnace is made of tlie stationary type, it must neces- 
sarily have the stationary type spout. 

Subsequent to the design of liie first Kji'llin furnace as just 
described, the following constructive changes were made: 

In order to allow of a thorough t'ooling of tlu* transformer, it 
was divided into. a number of smaller divisions, which were, 
separated by means of suitable air s])aci‘S. 'Phis was only 
following good transformer practise, and the si'parate sluH'ts 
were, of course, paper insulated as usual. 1'lii‘ air cooling was 
changed so that there was a more uniform cooling, not only of 
the transformer iron, but also of the coil. 

The water cooling of the protective cylinder was avoided 
and air cooling substituted, this coming from the same ventilating 
fan feeding the coils. 'This simplified the furnace construction 
considerably, and gave equally safe operating conditions. 

The furnace was made of the tilting variety which materially 
bettered the conditions for teeming. It may be of interest to 
mention that Kjcllin furnace's have been constructed as though 
they were self -heating pouring ladles, with which, for instance, 
the metal could be taken from the oiien hearth furnaces, then 
refined and finally poured from the furnace directly into the 
ingot moulds. 

The operation of the furnaces is primarily influenced by the 
fact that the molten metal serves as the secondary winding. 
Therefore as long as the metal does not [losscss a conductivity 
giving an operating voltage having a sufikienl heating current, 
the heating of the furnace by electrical means is impossible. 
These conditions are the determining factors for the heating 
of the furnace. As the hearth is of the ring fonn, it is not 
feasible to heat the furnace with coke. Care is therefore taken 
with Kjellin and all other induction furnaces to heat them up 
with rings of material later to be melted. For making steel, 
these rings may be cast, welded, or even screwed together, and 
laid in the furnace. As .soon as the current is turned on, induced 
currents arise in the iron rings, as they become short-circuited 
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sec'diK-liiry windings, ’’riu' iron is soon brought to redness, so 
that the heat thus i)r(>duced can be used to warm up the furnace. 
As soon as the furnace walls are red hot, the furiuu'e is charged 
with (luid metal, and tlu* heating rings are .subsetiuently melted. 
When this is accomplished, the furnace soon reaches llie proper 
temi)erature so that the normal furiuLce operation may begin. 
If tin; furnace is o[)eratet] with hot cliargt's. as is often the cast) 
with Kjellin furmices operating in conjunction with open hearth 
furnaces, the furnace is fully emptied after each charge and 
then chargc'd again with oi)en hearth metal. It is evident that 
it is possible to fully emi)ty the furnace after each charge. Then 
when the fluid metal of the new charge, immediately make.s a 
closed ring again, the heating begins simultaneously, provided 
the primary circuit is closed. 

I'lie conditions are diiTerent vvlien tlie furnace is charged 
with cold material If, under these conditions, the furnace was 
completely emptied, and a ring made of a large number of 
pieces of cold scraj), its resistance would be so great, that the 
proper heating currents could not exist. In tins case, it would 
be found useless to try to ol)tain a melt. Tl miglit, however, 
be p()ssil)le to riiise the secondary or ])ath voltage sunicicntly, 
so that arcs would api)ear between the many small pieces of 
scrap. In sued) an ('vent we would obtain healing methods 
similar to those emi)loyed when melting down cold scrap in the 
Girod furnace. I'he raising of the voltage necessary to do this, 
however, leads to difTiculties in the transformer design. For 
this reason, therefore, when working with cold stock, a sufficient 
portion of the t)revi(ms charge is left in the furnace to fomi a 
closed circuit. If the furnace is now further charged with scrap, 
it will be melted down by the heat generated in the metal from 
the previous charge. In this t'a.se the cross-section of the bath 
grows, and a greater absoriition of energy takes place, thus 
hastening the nvclting. A very (|uict melting together of the 
charge occurs in this way, without any sudden power fluctua- 
tions. As there is always a niolten remainder in the furnace 
when using the method of cold charging, it is of advantage to 
keei) this remainder as small as possible; still it must be large 
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enough to render certain the closing of the molten secondary 
circuit. The smaller the section of the lower part of the trough, 
the easier it is to accomplish this. For this reason it is well 
to make the channel V -shaped. 

It was previously mentioned that cold charges are melted 
down without any current fluctuations taking place. 

We now come to the electrical conditions existing in the in- 
duction furnace. If we look a little closer at the current con- 
ditions of the Gysinge furnace, we find that for its oi)eration 
there is provided a 300 HP water-wheel driving a direct connected 
165 to 170 kw, 15 cycle, single-phase generator of 3000 volts. 
When the furnace content is 1350 kg. (about 3000 lb.) the 
power factor is 80%, and with a content of 1800 kg. (a].)out 
4000 Ib.) it is 68%. 

Even these figures show the dependence of the power factor 
on the size of the charge with Kjellin furnaces. This is also 
substantiated by the curve in Fig. 77, which was made from 
results taken from a Kjellin furnace having a maximum capacity 
of 8J^ tons. This shows, too, how (with other electrical con- 
ditions remaining the same), the power factor becomes lower 



Fig. 77. 

with an increased charge. We can, therefore, establish the 
fact that : — “With the same frequency the power factor falls with 
an increased charged' 

In searching for the cause of this, we must go back to the 
causes affecting the power factor. For this purpose wc again 
reproduce the vector diagram originally shown as Fig. 30 in 
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Chapter IV. We see that the size of the angle <j> depends on the 
resistance of the bath r and again upon the factors m and L. In 
our examples, in both of which the periodicity remains the same, 
the factor m, depending upon the latter, also remains unchanged. 


Therefore, only r and L remain 
as means for reducing the power 
factor. 

It is evident from the dia- 
gram that when the resistance r 
of the bath is reduced the angle 0 
becomes larger and the power 
factor, or cos <f), consequently de- 
creases. If the length of channel 
remains the same, but the cross- 
section of the bath changes, the re- 
sistance will change, because r = 

p — and as the example showed. 



that raising the charge from 1350 kg. (about 3000 lb.) to 1800 
kg. (about 4000 lb.), that is about 33%; and as the cross- 
section of the bath increased in like ratio, it becomes ap- 
parent why it is that the power factor falls with an increasing 
metal charge in the bath. 

. Beside the resistance of the bath, however, the coefficient 
of self-induction has a noteworthy influence on the size of the 
power factor. It was shown in Chapter IV that the coefficient 
of self-induction depends upon the form and arrangement of 
the conductors. In order to give the reader an idea of this 
influence, it may be said that for conductors of ring form having 
a circular cross-section, the following formula for the coefficient 
of self-induction holds good: 


L - 



log nat 


8D 

d 


8) . 10-9 . 


Here D denotes the diameter of the wire coil, and d the diameter 
of the wire itself. 

This formula, however, is only strictly correct provided the 
conductor is not in the vicinity of any good magnetic conductors. 
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However, it follows that the coellieienl of self-induction prinian'ly 
dei)en(ls on the surfaee surroundt'd liy the ring formed conduelor, 
and that the coefficient of self-induction increases, the larger the 
surface becomes. Besides this tlu; cniss-sec-tion of the conductor 
also inihiences this factor, and as the formula shows, the co- 
enicient of self induction becomes a little luster with im'reasing 
cross'sections of the conductor. 'I'liis latter inlUu'm'e, however, 
is loo small to nullify the lowering of tlie ])ower factor, occasioned 
by the lowt'red bath resistaiUH' when the cross section of the 
bath is increased, ffhe proof of this is iilainly seen by the 
examples given. 

From what has just been said relative to the power factor 
it is apparent what the active causes are, and why Kjellin and 
similar furnaces had to be Iniilt with ever decreasing [leriodicities, 
for increasing capacities. We have just seen, that the power 
factor decreases when the charge is increased, due to the lesser 
resistance to the bath. As we saw in C'hapter IV, the lowering 
of the power factor necessitates a greater current How than it 
would havi‘ at a higher power factor, in case the furnace is to 
receive the same power, at a lower power faetor ami at the same 
voltage. Heavier cairrents, howe\’ei% demand an increase in the 
copper cross .section of liie [irimary winding, which in turn in- 
creases the needed .space; for winding the coil, d’o this must be 
added that with an increa-sed ca{)aeiiy the energy absorbed by 
the furnace is naturally greater, .so that the proce.s.ses to be 
followed may not he unneeessurily exjiensive. I'his, too, 
nece.ssitates the use a larger cojiper conductor, and consequent- 
ly further increases the winding stiace. With the same thickness 
of the furnace refractories, this can only take place, however, 
when the diameter of the ring shaped hearth is increased; and, 
as we saw before, this causes a larger coefficient of self-induction, 
and with it a further decrease in the power factor. With an 
increasing charge, therefore, the power factor woukl drop very 
fast, and this would very (tuiekly lead to imtw.ssible operating 
conditioms with the fretiuency remaining the samt'. Fortunately 
by lowering the fretiueney, we have a means for meeting the 
lowering jKiwer factor. In order to recognbe this, if we refer 
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to Fig. 78 again, we see that the power fa<.:tor is determined by 
the equation — 

r 

cos 0 = r 
m L 

as r and L are given l)y the l:)ath conditions, it is only possible to 
influence the jiower factor l)y altering in, and the power factor 
will, of course, be larger, and so much Ixdter, the smaller tire 
quantity m. This quantity m is determined ])y the equation 
m ~ 2 TTP where v equals the number of cycles per second. By 



Fig. 79. 

lowering the periodicity, the quantity m is reduced, and hence 
the value of the power factor is kept within reasonable limits 
for any particular size of furnace. Kjellin also availed himself 
of this means, and the curve shown by Fig. 79, which appeared 
in the Elektrolechnische Zeitschrifl, in 1907, in an article 
by Englehardt, shows under what conditions the lowering of 
the frequency is desirable, with Kjellin furnaces of increasing 
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size actually built and operated. I’lie conditions here described 
are also, of course, more or less applicable for every other induc- 
tion furnace having a channel hearth. 

It is well to mention that the lou'crin^ of Lhc pcriodiclly is 
not always feasible as the normal freciuencies arc 25, 50 or 60. 
It is not possible to change from one frequency to another by 
means of stationary transformers, in the manner employed for 
voltage transformations. If it is tk'sired, therefore, to connect 
to an existing power statuai having a higher frequency than 
would be favorable for the furnace operation, it will be necessary 
to employ a rotary transformer. In addition a low power factor 
necessitates conqiaratiN'cIy large iron cross-sections in the 
generator as well as in the transh)rmer, and consecpiently greater 
copper lengths for the windings, making a more expensive in- 
stallation. In order to give an idea of this, we may say that a 
generator of 25 cyc'les only costs half as much as one of equal 
capacity of live c\'cles. 

As electrodes art? avoided with Kjellin and other induction 
furnaces, the regulating apparatus for the carbon electrodes 
themselves is not needed, so that the furnace does not require 
any movable parts, except the covers. With the absence of 
electrodes there are con.setpienlly no electrode losses, which 
leads us to the efficiency of the Kjellin furnace. As the furnace 
is merely a specially designed transformer, the only losses 
occurring are the ones usually prevalent in (jrdinary transformers. 
These lo.sses are due to the iron losses, which are caused by the 
continually changing diretdion of the magnetization, and the 
co])per lossi's in the windings. As the secondary winding in 
Kjellin furnaces is solely conqKKsed of the metal in the hearth, 
all the losses which ordinarily aiiiiear here, are used instead to 
advantage, because all electrical losses manifest themselves 
as heat, and in this case i1k‘ generation of heat is what is desired. 
Losses, therefore, can only occur in the iron core and in the 
primary coils. Thu imrely electrical losses of the induction 
furnace transformer hardly exceed those of the ordinary trans- 
former, On the whole, the electrical cdkicncy of the induction 
furnace is the best obtainable in any electric furnace. As a 
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proof of the liighcst eflicieiicy of induction furnaces, it may be 
said that, the most frictionless transposition of electric energy 
imaginable into heat takes place here, as the current generated 
in the secondary circuit, /.c., the induced currents in the iron 
bath, are generated at their point of origin and directly changed 
into heat. 

Induction furnaces may, therefore, be built for any existing 
voltage, for to generate the jiarticularly high current in the 
bath is only dependent on a suitable number cyf turns in the 
primary winding. It was pointed out, for example, that the 
furnace at (lysinge, having a capacity of about 1500 kg. (3300 



lb.), is operated at 3000 volts, its primary coil is arranged with 
295 turns, so that wc have a secondary voltage corresponding to 
9 000 

■ or about 10 volts. As it is possible to use any existing high 

potential current on the primary side, it is nece.ssary that this 
part be shielded against coming into any possible contact with 
otlier conducting material. Ihis is accomplished by completely 
encasing the furnace transformer, f.e., the transformer is built 
with a protecting shell, so that contact with any dangerous parts 
during the operation of the furnace is practically impossible. In 
addition to this the protective covering is connected with a 
copper conductor to the earth, or grounded— so that in case 
any high potential current should strike the protective shield, 
it would immediately become harmless and flow to earth. Hence 
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all danger to those operating the furnaec' Is eliminated, and tlie 
best proof of the absolutely safe operation of the furnace, is the 
fact that thus far no operatives of induction furnaces have bt.'en 
injured. 

As the operation of the induction furnace is usually not 
easily understood for non-electricians, the schematic* connc'clions 
of a Kjellin Induction furnace' installation arc' shown in lug. So. 
In this figure the left half shows the elecdric inslallalion at the 
central station, and the other side the ac'tual furnace' insteillalion. 
The heavy lines lietween the central station and the furnace' 
indicate the main high iiotential e'oneluctors. d’his high te'usion 
current is measured with instruments, by interposing so calle'd 
potential and eairrent transformers between them ;ind tlu' 
main conductors so that the' instruments only carry low voltage 
currents. The thin full Ihu'S indie'atc' the ru'c'essary wiring for 
this. If wc neglect for the moment the dotted lines, we see' that 
the full lines of the circuit in the c'entral station as well as at tlu' 
furnace show instruments at eithc'r iilae'c', e'onsisting of an 
ammeter A , a wattmeter B, and a voltmeter ( which must lie' 
watched during the operation of the funuu’e. /) indicati's the 
current transformers for me'usuring current, and A the potential 
transformers for measuring the voltage. In order to protect 
the instruments, the fuses F are in.st'rted, whereeis (r re'presents 
an automatic release; which cuts out the main current when it 
is overloaded and thereby protects the generator, 'riie generator 
itself is shown by //. At the' furnace we see .1/ wdiieh desigmites 
the sectors em which c'eipper brushes rub, fsimilarly It) tht)s(' 
usually used on a me)tt)r,) in t)rder that the furnace may rt'ce'ivt.' 
its current and still remain in its tilU'd peisition. Frt)m the 
contact rails, the current is earrietl it) the primary wineling .V, 
in well insulated ce)nduete)rs, which generate the ineluced cur- 
rents in the channel O, whbse contents simultantiously act 
as the secondary winding. If we also mentit)n the switch 
P, at the furnace, which permits the current to be inter- 
rupted there, we have referred to all the apiiaratus of the oirnr- 
ating circuit. 

Of great importance is the regulating apparatus of an electric 
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funiiicc, which pcrmils llic furnace to receive nuich or little 
energy, and therel)y enal)lcs tlu' furua.ee to ])e operated practical- 
ly. We saw j)reviously with arc furnaces, that l)esules this 
apparatus, automatic regulators were also necessary, in order 
to smootli out the current lluctuations occasioned by the action 
of electrodes, and to keep a predetermined and constant amount 
of energy at tlie furnace. These regulators are wholly absent 
with induction furnaces, as sudden power fluctuations with 
induction furnaces are al)soluteIy j)recluded. We have, there- 
fore, only to confine ourselves to the apparatus which is necessary 
to regulate the incoming energy, and for this it is quite sufficient 
to alter the jiriniary voltage of the furnace. 

In order to easily clmnge the; voltage during the operation 
at any time, a handwheel rheostat, or regulator is jdaced at the 
central station, as well as at Ihe furnace, by the aid of which the 
magnetizing or exciting current is varied at the alternator. In 
Fig. 8o, J represents tlie exciter generator, the heavier dotted 
lines indicate the main wiring of the excitation circuit, and the 
lighter dotted line denotes the shunt circuit of the exciter gen- 
erator or exciter. At the furnace is the. small regulator L, by 
the aid of which the field of the exciter is regulated with a very 
light current, whereas the regulating resistance K enables the 
main current of the exciter to be changed. In this way it is 
possible to regulate the voltage at the central station as well as 
at the furnace, and in order to keep both regulating platforms 
in communication with each other, it is usual to have them 
connected by means of loud-speaking telephones. 

After this discussion of typical Kjellin furnace switching ' 
methods, which are applicable also to other induction furnaces 
having special generators, we may turn to the comparison of 
the Kjellin furnace with the ideal furnace. That the Kjellin 
furnace requires siiecial generators more than any other furnace 
discussed in detail, was seen when discussing the influence of 
the power factor; this is the reason for the abnormal frequencies, 
which, up till now, have licen necessary for all induction furnaces 
having only the ring-shaped hearth. The operation of a Kjellin 
furnace with other than its own special generator, is not 
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practicable and this increases the installation cost, and affects 
the obvious advantages of the furnace. 

Among the special advantages of the Kjellin furnace, as 
the typical representative of the pure induction furnaces, we 
may count first of all the absolute avoidance of any sudden or 
undesirable power fluctuations, which must be classified as 
unavoidable with arc furnaces having vertical or inclined elec-, 
trodes. That there are no reasons for these sudden power 
changes with Kjelhn furnaces we see when we realize, that with 
this pure resistance heating, sudden power changes could only 



Fig. 8i. 


occur, with sudden heavy cross-Sectional changes of the bath. 
This condition, though, is positively eliminated because the 
cross-section can only vary when charging or when tapping the 
furnace, and as these operations are always the function of a 
greater or lesser amount of time, it is evident that cross-sectional 
changes can only appear gradually during this time, and likewise 
the resistance changes and changes the current strength. This 
is proved from the operation of all induction furnaces. There 
is, however, a decided advantage in avoiding any sudden power 
changes, for it is evident that the generator required for an 
induction furnace needs to be just large enough to carry the 
maximum load required over a period of. time; whereas a genera- 
tor for an arc furnace would have to be more liberally propor- 
tioned, considering the heavy load fluctuations. The curve 
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of Fig. 57 shows to what degree these power fluctuations occur, 
and it is interesting to compare this with the one shown by 
Fig. 81, which latter shows a Kjellin furnace under various 
methods of operation. These conditions • naturally tend to 
cheapen the construction of the generator for the induction 
furnace, so that the greater cost occasioned by the generator of 
abnormal periodicity is at least compensated for to a certain 
extent. 

• It was seen when discussing the switching mechanism, that 
the regulation of the incoming energy of a Kjellin furnace is 
accomplished in the simplest way imaginable. It may, therefore, 
be well to point out again that the regulation of the energy of 
an induction furnace is accomplished in the most ideal way. 
For with an electric furnace, the same temperature is found 
throughout the whole bath, so that any change of the incoming 
energy alters its temperature gradually without in any way 
causing any overheating at any one spot, which is always to be 
dreaded under the electrode in arc furnaces. 

It has also been mentioned that the induction furnace un- 
doubtedly has the best attainable electrical efficiency of any 
electric furnace, because all electrode losses are avoided, and 
hence only the transformer losses come into play with induction 
furnaces, except when a special generator is used, and then only 
the primary copper losses and iron losses appear in the trans- 
former parts built into the furnace. Transformer losses are, 
however, present with nearly every arc furnace, thus a transform- 
er is almost invariably erected as closely as possible to the furnace. 

As the Kjellin furnace today is always built of the tilting 
variety, it fulfills one more demand of the ideal electric steel 
furnace. On the other hand, the Kjellin furnace cannot fulfill the 
demand which provides for an easily surveyed and accessible 
hearth and herein lies its great weakness as compared with other 
furnaces; its use is therefore restricted to that comparatively 
small field, in which the requirement of an easily surveyed and 
accessible hearth is immaterial. Such occasions may, however, 
occur where a furnace is intended to be a substitute for the 
crucible furnace, in which a very pure material is mixed in the 
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!)iith,arin case' lha rharjjje from oIIut funaux's is morfly to stand 
in the ('k'l'trio, 'Flu' Kjollin furnare or any otluM* indiu’lion 
funuux' \vi(h ii rin{i:-sliaj>i‘d hearth, is fouiu! i)r(‘h'rahh‘ to he* 
used in this way. 'I'he advantage it iias over the erueihle, is 
that nuieh larger homogeneous ((uanlities of a desired ({ualily 
eiin be ol)tained, whereas erueibles always have a very limited 
eapaeity; it is, dillieult theix'fore. to produc'e large amounts of a 
predetermiiu'd and regular eomj)osition, Furtlu'rmore, the 
induction only needs a very limited number of operating men. 
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Finally, a considerable amount of money can be saved in the 
crucibles ffrom $5 to in regenerative furmices, but as high as 
$20 a ton in non-regenerative “pan system ” oil burning furnaces). 
As a substitute fur the above, the K jellin furnace seems admirably 
suited. I'or most other classes of work, however, the furnace* is 
unsuitable; l)ecause it is practically impossible to thoroughly 
remove* tlie slag from the ring-shaped channel hearth, and thus 
avoid alT(‘cting the* i)urifying process for the succeeding slag. 
'Fhis fact has been proved in practical work by many and ex- 
tensive tests. 

One of the next requirements of an ideal furnace is the 
adequate drculation of the bath by the aid of which the furnace 
will produce a thoroughly regular material. On account of the 
magnetic conditions of the K jellin furnace the circulation of the 
hearth metal is almost perfect. 'Fhe proof of this was first 
published by Rnglehardt in The Electro technische Zeitschrifl, 
in 1907, and is shown schematically in Fig. 82, Here <bi denotes 
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the lines of force generated by the primary coil, which take their 
path through the transformer iron, (jii" denotes those which 
are generated by the secondary winding or the bath, and take 
path througli the transformer iron in the opposite direction, so 
that we have resultant lines of force, denoted by </>. On account 
of the large distance, however, between the primary and second- 
ary coils, there must also necessarily be a number of stray lines 
of force, which find their path through the air. As far as these 
arc generated ])y the ])rimary winding, they are designated by 
cf>J, and when generated by the currents flowing in the iron bath, 
they arc designated by <pj'. These lines of force play a very 
imi)ortant f)art, as the iron and the molten metal olTer a much 
lesser resistance to the lines of force than the air docs, so that 
it may be assumed that a part of the secondary lines of force 
find their way through the molten metal. Both lines of force, 
<f)J and <;6 h", therefore, essentially flow in opposite directions, as 
they arc generated by currents having oiiposite directions. (Wc 
saw in Chapter IV that the induced current, i.c., the current gen- 
erated by induction, is always in the opposite direction to the pri- 
mary current, whichis the ease here.) Idg. 82, however, shows that 
the opposite direction of these two lines of force circuits, makes the 
direction of current flow the same between the jiriniary winding 
and the bath. It is a fact that lines of force of the same direction 
repel each otlicr, hence forces must appear between the primary 
winding and the bath, which endeavor to repel the molten metal 
from the primary coll toward the outside. In Fig. 83 this force 
is denoted by P„. Besides this the force of gravity also operates 
on the bath. Both forces work at right angles to each other, 
causing a resultant force. Accordingly the surface of the bath 
inclines at right angles to this resultant, as is shown in Fig. 83, 

As a matter of fact the inclination of the bath surface can be 
more or less plainly seen with all Kjellin furnaces.^ The flow of 
the metal is from the outside upper edge towards the inner lower 
one, which in this way provides an intimate mixing of the metal 


^ The inclination of the bath of an 8-ton Kjellin furnace is about 24® (See 
Stahl und Risen, lyio, p. 1071), 
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in the bath. One explanation of this flowing or rolling of the 
bath may be made, if we assume that the parts lying on the outer 
upper edge are subject to a greater cooling than the inside lower 
lying metal, so that the higher lying, cooler and consequently 
specifically heavier metal portions will tend to sink to the bottom, 
whereas the hot portions will rise. 

The circulation described has the advantage of the most 
thorough mixing of the whole furnace contents without mechani- 
cal aid. With large Kjellin furnaces operating at low frequencies, 
however, it has frequently happened that the inner wall of the 



refractories is quickly destroyed by the circulation directed 
against it It was only after decided efforts on the part of the 
Poldihutle at Kladno, Austria, in applying the refractories in 
a special way that they were able to withstand these attacks, so 
that the lining, even with an 8-ton Kjellin furnace, now lasts six 
weeks, (164 heats,) when melting cold stock, ^ and 494 heats 
with hot charges.* 

In the discussion of the KjeUin furnace circulation, it must 
be stated that the pinch effect mentioned in Chapter III docs 
not come into play as long as the furnace is used for melting iron 
because the bath cross-sections in relation to the current density 
are too large when this furnace is thus used. The pinch effect 
could only be found if the cross-section should be especially 
narrowed at particular places. 

If it has been shown that the Kjellin furnace is only a sub- 
stitute for the crucible, still it may be said concerning the sizes 
this furnace has attained, that at present the Kjellin furnace 

^See also Metallurgical and Chemical Engineering, February, 1913, details of 
Kladno lining. 2 In 1919, the General Electric Co., of New York, have also 
brought out an improved bottom and lining for this type of furnace. 
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has a capacity of 8 tons of steel. One of these furnaces is operat- 
ing successfully at the works of Fricdr. Krupp, at Essen, Germany. 
Eig. 84 shows the transformer of one of these 8-ton Kjellin 
furnaces for only five cycles. It is hardly advisable to build 
Kjellin furnaces of a larger sixe than this, first because the fre- 



Fia. B4, 


quency would have to he reduced still further, and secondly, 
l^ecause it is to be feared that there would be difficulties witlr 
the durability of the refractories. 

Regarding the loM effidmey of the furnace, we append the 
following: 

Several reports have been made by Englehardt on the 
fCjellin furnaces. In Slahl and Eism, 1905, page 205, where 
he speaks of melting a charge consisting of 1/3 pig iron and 2/3 
scrap, he figured with a theoretical power consumption of 489 
3 Kw. hours per ton. If we compare the results obtained with the 
X .5»ton Kjellin furnace, where with a mixture as above it took 
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966 Kw. hours to melt a ton of steel over a six-hour melting 
period, and 800 Kw. hours during a four-hour period, this 
gives a total efficiency of 50% for the six-hour melting time, 
whereas Kjellin himself mentions 47%, and an efficiency of 60% 
for the four-hour melt. It is interesting to observe how the 
shortened melting time raises the attainable efficiency of a 
furnace. The reason for this is that on one hand, the radiation 
losses are prolonged for six hours, whereas on the other they only 
occur for four hours. While melting, therefore, it is advisable 
to operate with as high an incoming energy as possible, and to 
hasten the work to the greatest extent. The 60% efficiency 
with a four-hour charge is to be considered as most favorable, 
considering the small size of the furnace (i^ tons). The 
attainment of such efficiencies, with Kjellin furnaces having 
such an unfavorable hearth, as far. as radiation losses are con- 
cerned, is only possible becalu^ the electrical losses are at a 
minimum. In spite, however, oTthe assumed greater radiation 
losses of the Kjellin furnace as compared with the arc furnace, 
we find that the induction furnace always has a higher total 
efficiency than the arc furnace. This becomes even more appar- 
ent -with larger furnaces. In the same article as above, Engle- 
hardt gives an efficiency of an 8-ton furnace corresponding to a 
power consumption of 590 Kw. hrs., when melting cold stock. 
This gives a total efficiency of about 80%. That this figure is 
attainable as a matter of fact is best proven by the practical 
operation, where with this ring-shaped hearth a power consump- 
tion of only 580 Kw. hrs. per ton of steel was attained by the use 
of suitable heat insulating covers. 

Regarding the application of this furnace, we refer to the 
statistics in the closing chapter. 

The sale of and giving licenses for Kjellin furnaces is handled 
by the Gesellschaft fiir Elektrostahlanlagen in Berlin;, in Eng- 
land and her colonies, except Canada, by the Grbndal-Kjellin 
Co., London, and in the United States and Canada formerly 
by the American Electric Furnace Co., New York, and at pres- 
ent by Naylor & Co., agents for Grbndal-Kjellin Co., New York. 
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Ai/riioiiCiii we saw in the previous chapter that the Kjelliii 
furnace and the induction furnace having a ring-shaped hearth, 
are inapi)lical)le for many uses, and hence at a great disadvantage 
with the arc furnace, still the induction furnace has important 
advantages whi('h must not be overlooked, especially where this 
fiirmice in its original form finds its best field; viz.: in the re- 
placenunil c»f the criu'ihle furnace. These advantages include 
the absence of electrodes, and consequent saving in operating 
costs and also the avoidance of the risk of accidental impurities 
from the electrodes contaminating the bath, which latter is 
esi)ecially feared when making tool steel. The electrical efii- 
c'iency attainable is also much higher. The absolutely steady 
furnace ot)eration is almost ideal, and this steadiness is equally 
excellent for the central station. Finally, we may regard the 
uniform heating clTect throughout the entire l)ath of the’ in- 
duction furnace together with its strong circulation, an advan- ‘ 
tage over the arc furnace, even though the experience thus 
far gained I'oncerning the influence of the high temperature of 
th<‘ arc on the finality of the steel is not yet extoimye enough 
to fi)rm a conclusive opinion on this point. 

Realizing the good points of the inductioiT|urnacc referred ,* 
to above, it was not long before elTorts weremadc to retail thy* 
advantages of induction heating. For the ^feid vantages of yte 
single ring liearth were clearly recognized; Later oiypidns Vc;re 
taken to alt(‘r the hearth in such a whj^^tliat it wo^dfl meet the 
flemands of the metallurgist, and to produce thereby an induciio’ii 
furnace which would he ecjua! to any refining work. It was 
recognized that if at the same time the operating conditions 
could be bettered (these as we have seen with the Rjellin furnace 
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necessitate the use of machines having unusual periodicities), 
then the induction furnace would be able to enter into successful 
competition with the arc furnace in any field. 

It was these considerations which led the Rochling Eisen 
und Stahlwerke at Volklingen on the Saar, Germany, to consider 
the problem of re-designiilg the induction furnace. This de- 
cision was reached only after it was clearly recognized that the 
single-ring channel induction furnace was not practical for refin- 
ing work. 

The first German Rochling-Rodenhauscr patent was applied 
for on May 6, 1906, and subsequently granted (No. 199354 



Fig. 85. 

This patent covers an induction furnace as shown schematically in 
Fig. 85. It may be seen that both cores of the transformer arc 
provided with coils, in contradistinction to the Kjelhn construc- 
tion. Both cores are surrounded by an induction channel, which 
are joined between the cores in the middle, forming a roomy work- 
ing hearth. This middle section is sometimes heated by means 
of, an auxiliary current supplied by a secondary winding wound 
next to the primary winding, which has the marked advantage 
of reducing the stray field, and hence improves the power factor. 


^ Corresponding to U. S. patent No. 877739 of 28, 1908. 










THE ROCHLING-RODENHAUSER ETJRNACE 211 

The furnace principal shown in the sketch is known as the Roch- 
ling-Rodenhauser furnace. This furnace was investigated for 
its usefulness at the Rochling Iron & Steel Works from July to 
September, 1906, by means of a small test furnace holding 60 
kg. (132 lb.), and operated from a 50 cycle circuit. Fig. 86 shows 
this furnace at one stage of the tests with suspended electrodes 
composed partly of conductors of the second class, being used 
as a mode of utilizing the auxiliary current, notwithstanding 


Fig. 86. 


that the patent specification mentions conductors of the second 
class for transferring the current, which is the method exclusively 
employed today. 

The tests with the small furnace were later continued with a 
somewhat larger furnace, holding about 300 kg. (660 lb.). 

In the course of the development a furnace of about 500 to 
750 kg. (1100 to 1650 lb.), was ordered by and constructed for 
the Richer liuitenverein, which company was desirous also of 
investigating this form of furnace, knowing of the tests carried 
out at Volklingen. Until this time, the small furnaces were 
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provided with covers which had to be lifted when charging, but 
the Eicher Hiittenverein furnace was the first one to be supplied 
with doors, thus simplifying the furnace operation. This 
arrangement may, at the same time, serve to indicate how, with 
the progress of developments, the work of relining in the furnace 
was transferred more and more from the channels to the main 
hearth, where it is carried on today exclusively, the channels 
serving only as heat carriers, without in any way accomplishing 
any metallurgical work. 

One of the determining factors in the further development 
of the furnace was due to the erection in the spring of 1907, at 
Volklingen, of an 8-ton Kjellin furnace which operated at only 
five cycles. The exhaustive tests carried on with the aid o[ this 
furnace, furnished convincing proof that the ring-shaped hearth 
was unsuitable for extensive refining, which was the goal of the 
Rochling Iron & Steel Works. On the other hand, these small 
test furnaces, above mentioned, gave the most favoralile results 
in the refining of steel. Because of this a Riichling-Rodenhauser 
furnace was built and designed for the electric plant which had 
been installed to operate the five-cycle Kjellin furnace. This 
first large furnace had a capacity of about 3 tons and was placed 
in operation on June 22, 1907. It soon demonstrated the ad- 
vantages of the new furnace principle for large units. 

In order, however, to render this furnace system adaptable 
to all conditions, there was still one further step to take, /.e., 
to derive means to operate the furnace with polyphase current. 
For as long as it was not possible to use polyphase current 
directly in the induction furnace, the advantage of the induction 
furnace in its being able to be operated with any voltage that is 
available, would be of minor importance. The reason for this 
being that as it is only 2iossil)le to operate the furnace with .single 
phase current, it follows that the installation of a rotary trans- 
former would be necessary when obtaining power from a three- 
phase circuit. 

As early as 1907, therefore, the constructive features of a 
pol3^hase furnace were considered, and in February, 1908, the 
first polyphase Rochling-Rodenhauscr furnace was placed in 
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operation. This was designed for 50 cycles and connected to tire 
3 phase electric plant of the Rdchling Fron tS; Steel Works. 'The 
application of the furnace to i)olyt)hase current was i)atente<l in 
all industrial countries. 

'I'liese short remarks show the development of the Rdchling- 
Rodenhaiiser furnace, which can be ()l)tained to-day not only for 

single phase current, but also 
for two and three pha.se cur- 
rent, for any convenient 
voltage and for normal fre- 
cfuencies. 

In its [jrescnt form the 
Rdcliling - I'lodenhauser fur- 
nace consists of a casing of 
strong sheet iron, which is 
supt)orled by means of a 
semi-circular saddle and rack 
on rollers, thus allowing the 
furnace to tilt, d'ho tilting 
may be accomplished in any way desired, Init is usiudly done 
by means of an electric motor and suitable gearing. 

The furnace transformer is built into the shell. 'Flu* upper 
yoke of the transformer is arranged to I)e easily removable, while 
the lower yoke and the cores are securely fastened by bolts, to 
the furnace ca.smg, so that the transformer may stay securely in 
position even though the furnace is tilted 45". If we now turn 
to the furnace in its single phase form as shown in Figs. 87 to 
89, which indicates a 5- ton furnace operating at 15 cycles, 5000 
volts, we find two cores of somewhat long-drawn-out rectangular 
form. The cores are composed of a number of sections, which in 
turn are built up of paper-covered sheet iron of .3 mm. (.012 inch) 
thickness, the sections being separated from each other by the 
ventilating ducts //, Each core carries a primary winding A, 
and a secondary winding B. The primary winding is connected 
directly to the incoming voltage intended for the furnace, in the 
foregoing case, 5000 volts. The current is led to the windings 
by means of the usual high tension underground cable and thence 



Fig. 86a. — Two Phase R.-R. In- 
(huilon hhiniiU’C'. 
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to brushes, by the aid of which it is carried to a copper slip ring. 
The current is then led directly to the winding, by stationary 
conductors carried on high tension insulators. These methods 
of leading the current to the windings have the advantage that 
the heating may be continued, for instance, when the slag is being 
rabbled off, i.e., the furnace continues to receive its heat when 
in the tilted position. The secondary winding lies next to and 



Fig. 87. 


separated from the primary winding by an air space, which is 
both an insulating protection and a cooh’ng chamber. The 
secondary winding is composed of heavy copper strips and 
carries very heavy currents at very low voltages. From this 
secondary funding, copper connections lead upwards from which 
the current is led to the poleplates E. These connecting pieces 
are represented by lines in Fig. 87. 

The whole winding arrangement is surrounded by two 
cylinders of copper, brass or monel metal, which are separated 
from each other by an air space. Similarly there is an air space 
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between the secondary winding and the inner cylinder. The 
inner cylinder is closed at the top by means of dust catchers in 
such a way, however, that the cooling air from the furnace trans- 
former may escape at the upper end with the least resistance. 
The method of supplying the cooling air is shown by means of the 
central air duct in Fig. 88, and the air direction is shown by the 
arrows. As a matter of fact this represents the method of 



Fig. 88. 


applying the air supply for Rbchling-Rodenhauser furnaces 
today, for such a centrally located movable duct underneath the 
furnace is provided from which the air is led to' both cores. The 
air is so divided that the greater part takes its path upward 
through the winding space, thereby cooling the coils and the 
transformer cores, whereas a smaller part passes through the 
space between the two protective cylinders M, in order to keep 
the heat radiating from the brickwork, away from the whole 
transformer construction. 

Air is alone used for cooling from a blower usually of very 
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low pressure. At Volklingen ft>r instance with an 8- ton single 
})hase lurnace the lilower ])ressure only corresponds to 40 nun. 
(1.6 inches) water gauge pressure. These cooling arrangements 
have given the most complete safety to the furnace during the 
past 8 years’ continuous operation. 

In order that the uiiavoidal)le cooling of the furnace trails- 
former may not cause too great heating losses, much considera- 



tion was given to the best possible heat protection for the hearth. 
On that account the outer protective cylinders are surrounded 
with a layer of granular material, which acta as a heal })rotector. 
On the outside of this follows the real refractory mass of either 
dolomite and tar or magnesite and tar. In order to obtain a 
hearth of the desired shape as shown in the figure, a wooden or 
cast iron templet is lowered into the furnace after the liottom 
has been rammed in, in a similar manner as with the Kjellin 
furnace. On the side of this templet, the hearth walla are 
tamped in, which when the templet has been removed leaves 
the necessary space for the molten metal. The crosa-.scction 
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a h of Fig. 87 plainly shows that the hearth really has the shape 
of an 8. It may be seen that the transformer cores are sur- 
rounded on the outside by the narrow channels C, while between 
the cores lies the true hearth and working chamber. Working 
doors are provided at both ends of the hearth, which makes this 
easily accessible and hence greatly lessens the necessary attend- 
ance at the furnace, as the entire roof of the furnace covering 
both hearth and channels remains stationary throughout the 
whole working period. '“Jlie channels themselves are not intended 
for the metallurgical process, but they are of course necessary 
to provide the induced heating currents for the hearth. 

Concerning the hearth refractories, it may be mentioned 
that following the dolomite and tar outer hearth walls, there 
is provided a layer of coarse-grained heat insulating material, 
and that finally between this and the furnace shell is placed a 
ring of heat protecting brickwork. All parts of the roof covering 
arc easily removable, in order that they may be easily lifted off 
and quickly replaced, in case a new lining is to be rammed in. 

It was remarked before that the copper secondary winding 
B leads to the polcplates E. I'hese i>latcs arc imbedded in the 
lining, as shown in Figs. 87 and 89. d'hey arc made of soft cast 
steel, and have the largest possible surface on the side toward 
the hearth. Between the poleplates and the bath is the hearth 
wall, which as we have seen consists of dolomite or magnesite and 
tar, so that the polcplate is protected against direct contact 
with the molten metal.^ 

Mention has been made in previous chapters that the refrac- 
tories used arc conductors of the second class. That is to say, 
these materials, which arc non-conductors at low temperatures, 
lose their resistance more and more with increasing temperatures, 
until finally they become comparatively good conductors at 
the temperatures which arc prevalent in electric furnaces. This 
property of conductors of the second class is sometimes util- 
ized in Rdchling-Rodenhauser furnaces to carry the current 
from the secondary winding by means of the poleplates to the 
molten bath itself. In this manner that portion of the lining 

‘See "The Practicability of the Induction Furnace for the Making of Steel 
for CaHtinga." By C. II. Vom Baur. American Fouiulrymen'.s Association. 
Vol. XX, 1912. 



Figs. 90 and 91. 
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over the poleplate may be designaletl as the mass which transfers 
or conducts the current. 

At the beginning of the furnace heating this mass will act 
as a large resistance in the secondary circuit. This holds true 
as long as the furnace is heated up with iron rings, exactly as 
is done with Kjellin furnaces, and the same conditions exist 
when the furnace is charged with its first hot metal, so that at 
first we only have simi)le induction heating. As the furnace is 
further heated, the temperature also rises in the conductor of 



Fig. 9a. 


the second class in front of the poleplate, and the resistance 
consequently drops under correct conditions, the secondary 
winding soon carries a considerable portion of the total energy 
of the furnace to the bath. With the 8-ton furnace at Vdlklingen, 
this result usually takes place in twelve hours. 

For the normal operation of the furnace there is therefore 
a double heating; first, we have the single induction heating 
in which case the ring formed parts of the hearth are to be 
designated as secondary circuits, and secondly the heating from 
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the current of the copper coil secondary winding, which is carried 
to the bath via the poleplates and conductive lining. The 
arrows in Fig. 87 show both current plates of the secondary side, 
which plainly show that the total current flows in the same 
direction through the hearth. 

The conditions are much the same in three phase furnaces. 
These furnaces receive the three conductors from the three phase 
circuit on three cores, which are very similar to the ones of the 
single phase furnace, in that each core carries a primary and a 
secondary winding. Here also we find the coils surrounded with 
an inner and outer protecting cylinder, through which the 
ventilating air flows. In building these furnaces, it was the 
endeavor, of course, to provide a single roomy hearth, which 
could be easily surveyed and be easily accessible. Following 
these maxims the designs shown by Figs. 90 to 92 were evolved. 
The central hearth is consequently surrounded on three sides by 
the cores. Toward the outside, (corresponding to the arrange- 
ment of the single phase furnace,) these are encompassed about 
by induction channels, which join together and form the central 
hearth The yoke is often bent around in the form of a horse- 
shoe, by the aid of which the cores are connected at top and 
bottom. 

In order to make the hearth easily accessible and visible a 
door is fitted between each two cores, of which the one opposite 
the central cores is supplied with the tapping spout. The furnace 
is therefore emptied in that direction. There is a poleplate 
having two arms near each door toward the bath, which is pro- 
tected by the conductive lining from the bath, as in the single 
phase furnace. The arms of the poleplates are connected with 
one pole of the secondary copper winding, whereas the free ends 
of the other pole are connected together to the neutral point N, 
by means of the copper bar connections there shown. 

In order that there shall be no misconception about the 
current connections of a Rochling-Rodenhauser furnace Fig. 
93 is given which shows the schematic diagram of a single phase. 
Similarly Fig. 94 shows the schematic diagram of a three phase 
furnace. 
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In Fig. 93 both primary coils of the single phase furnace 
are shown connected in parallel. This also applies to the 
secondary coils, which are connected in parallel by the poleplates, 
between which the current hows through the bath. Fig. 94 
shows the primary winding for a three phase furnace and their 
neutral point N 1 . d'he hea\ier drawn secondary winding of the 
three cores has one end of each coil connected to the neutral 
point N 2, while the free ends are also here connected to the pole- 



plates, l)etween which the current-carrying lining and the bath 
are connected as heat-resisting material. Besides this both 
figures show the hearth and channel limits. The conduits of a 
channel and hearth form a short circuited secondary, in which 
the heating currents are directly induced. 

The operating method resembles that of the open-hearth 
furnace, as a roomy working hearth is provided, and hence the 
conditions arc present for successful refining work. If the 
furnaces are to be heated up, and hot metal is obtainaldc, this 
heating is accomplished similarly to the method used with 
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Kjelliii furnaces, i.e., iron rings for starting arc laid in the furnace 
channels before the roof is replaced, which rings serve to bring 
the lining to a red heat under the action of the induced currents. 
When this is accomplished, hot metal is taken from any con- 
venient melting furnace and charged in the electric furnace and 
with this charging the starting or heat rings arc melted, which 





Fig. 94. 


permits a quicker heating uj) of the furnace, as the cross-section 
is larger and consequently the energy supplied is greater, 'bhis 
heating permits the furnace to be placed in o];)eration in the 
shortest time. It has, however, the disadvantage that it neces- 
sitates the use of molten metal from some other melting furnace. 
Such apparatus is often available and the molten metal may be 
obtained from converters, open-hearth furnaces, cupolas, crucible 
pots or even blast furnaces, so that the disadvantage is seldom 
felt. It is more difficult, when a source of molten metal is not 
available, to start the electric furnace, and a melting furnace 
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would therefore have to be furnished just for this purpose. In 
order to avoid this disadvantage, trials were made at the works 
of the Rdcliling Iron & Steel Co., with the object of starting up 
induction furnaces without the use of molten metal. This test 
produced satisfactory results, and the method is patented. 

In accordance with this method, the starting rings tire solidly 
packed with pieces of scrap, steel turnings, etc., until the heating 
channels and the hearth are comjiletely Qllecl. After the roof is 
replaced, the current is switched on, and the heating rings soon 
become red hot under the action of the current. This assumes 
that with the furnace voltage remaining the same, the absorption 
of energy will rise. With a 
2 -ton furnace it is pos; 
sible, for instance, in twelve 
hours, to render the entire 
furnace contents fluid, and 
the normal operation may 
then start. When heating- 
up with hot metal about 
eight hours would be neces- 
sary in order to proceed 
with the normal furnace 
operation. 

A normal heat with a 
Rbchling-Rodenhauscr fur- 
nace is much the same as 

with an arc furnace. The dephosphorizing usually occurs 
first, after which the slag is completely rabbled off, so that 
no deleterious material remains to delay the formation of the 
new slag for desulphurization. The removal of the slag 
occurs by rabbling through the doors. Of course it is im- 
possible to remove the slag from the channels, where they sur- 
round the cores, as these channels are quite unsuitable for this 
work. On this account they are permanently closed in by the 
furnace roof, as is the hearth itself. As the slag cannot be 
removed from the channels some provision must be made so 
that the slag is prevented from entering the channels. This is 
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now accomplished by placing fire-resisting bricks of magnesite 
or dolomite across the commencement of the channels in such a 
way that the iron bath in the hearth is i or 2 cm. (3/8'' to 
higher than the lower edge of the channel bridging bricks. In 
order to avoid as much as possible the heat losses occasioned 
by the bridging channel bricks coming into direct contact with 
the metal bath, a further normal roof of ordinary fire-brick is 
placed over them, which helps to lessen the heat losses by en- 
training a stationary layer of air. Fig. 95 shows these channel bridg- 
ing bricks, together with the refractories surrounding the channel. 

Mention should be made of the behavior of the Rochling- 
Rodenhauser furnaces when melting down scrap. So far it has 
not been possible to avoid the necessity of having in the furnace 



Fig. 96. 


a portion of the charge, which, as we have seen with the Kjellin 
furnace also, is necessary when working up scrap, in order to 
provide the necessary circuit for the induced current, so that 
the scrap charged in the furnace may be melted down under the 
influence of the electric heating currents induced in the remaining 
portion of the previous charge. When scrap is to be melted 
down, therefore, and no fluid charge is at hand, the disadvantage 
consists in not being able to pour the entire charge. A certain 
percentage, say a quarter or a third of the entire contents, must 
remain in the furnace. The conditions are of course different 
when operating partly with a fluid charge, as for instance from 
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a converter or an open-hearth furnace and partly with scrap. 
Then the conditions are similar to working only with a hot charge, 
so that there is no reason for leaving any of the charge in the 
furnace. With a mixed charge, therefore, the metal is fully 
teemed after each heat, after wliich some fluid metal is taken 
from some other furnace and poured into tlie electric furnace, 
which permits of the How of the induced current. Thereupon 
the metal to be melted is cliarged gradually or at once, to such a 
degree that the cold and hot furnace contents at times reaches 
the roof. After this no attention is necessary until the entire 
contents is melted down. I’his takes place without the slight- 
est current disturbance, while the current and kilowatt curves 
rise slowly, as shown by the curves in Figs. 96 and 97, which 
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» 

were taken from an 8-ton single phase furnace, and from a 
i-S-ton three phase furnace, respectively, both at Volklingen. 
In the latter curve it is to be noticed that one division denotes 
45 amperes, also 50 volts, also 30 kw., also .1 for the power 
factor, and ten minutes. The crosses on the bottom line denote 
that 100 kg. of scrap were charged. 

It is also of importance from the standpoint of the practical 
operation of a furnace system that it is convenient to shut down 
the furnace for a limited time, for instance over Sunday. During 
such stops, a Rdchling-Rodcnhauscr furnace is imrtly charged 
or even filled to capacity. It is then sealed up, after which the 
current is switched off and the furnace requires no further atten- 
tion. When it is desired to start up again , the current is switched 
on for several hours, and the furnace is thus heated up anew. 
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When starting up in this way with the furnace fully charged, the 
8 -ton furnace at Volklingen after a 20-hour shut-down is ready 
for normal operation in about six hours. 

The method of operation of the electric furnace is exactly 
the same as with the Kjellin furnace, as far as the induction 
heating is concerned, which is generated l)y means of the primary 
coil, in the ring-shaped portion of the iron ])ath. This is applied 
in Rdchling-Rodenhauser furnaces, twice on single phase, twice on 
two phase, see Fig. 10 1 a, and three times 011 three phase furnaces. 
This heating therefore does not require any further explanation. 
On the other hand it is different with the secondary circuit, 
which is composed of the copper winding wound directly over 
the primary coil. The current then flows through the pole- 
plates, the current-carrying lining, and the metallic bath. 

The object of the secondary circuit is to raise the power 
factor, and to aid the heating of the furnace contents. It was 
seen that the low power factor of the Kjellin furnace, especially 
the low power factor of the larger sizes, led to the use of machines 
having very low frequencies, which materially increased the cost 
of installation. The reason for this decreasing power factor is 
found in the low bath resistance, together with the high coeflflcient 
of self induction, which was caused by the great distance between 
the coil and the bath. It was therefore necessary to investigate 
these causes, if the above-mentioned lowering of the power factor 
was to be avoided. 

In order to increase the bath resistance the long rectangular 
form of core was chosen, in place of the more circular shape used 
with the Kjellin furnace. Furthermore, by placing the winding 
on two or three cores, it became possible to materially decrease 
the inner periphery of the induced part of the bath, as compared 
to that of the Kjellin furnace. This brought about substantial 
advantages, so that the power factor with Rdchling-Rodenhauser 
furnaces stays much higher than with Kjellin furnaces having 
equal capacities and equal frequencies, even during the heating 
up period, '/.e., at a time when the poleplate circuits cannot yet 
do much work, because the current-carrying lining has too high 
a resistance. In order to further decrease the leakage as much 
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as possible, because of the comparatively large distance between 
the primary coil and the bath still remaining, use was made of 
electric conductors placed in the path of the stray lines of force. 
This expedient was mentioned when discussing induction furnaces 
in general. 

The conductors of Rdchling-Todcnhauser furnaces, which are 
placed in the path of the magnetic leakage lines, arc used there- 
fore as secondary coj)pcr coils, so that the currents' produced 
by lowering the leakage field arc used at the same time to heat 
the metal bath. The influence of this secondary coil is most 
important, and can best be shown b}- the fact that with the i 
ton, three phase, 50 cycle furnace operating at Vdlklingcn, the 
power factor rose from 0.5% at the start to .8% and above, as 
the work of the pole plates increased. The secondary winding 
meanwhile takes up from 20% to a maximum of 30% of the 
total work of the furnace. 

By using the above expedients, which consist of, ist-the 
bath resistance being increased within practicable irossible limits, 
2nd — the coils being wound on two or three cores, and 3rd - the 
secondary copper coils used to reduce the leakage field, it is 
possible to build Rochling-Rodenhauser. furnaces for standard 
frequencies, 25 (50 in Europe) and, in. the case of very 
large units, for 15 cycles without the power factor falling below 
values found elsewhere. Polyphase furnaces of 1 % tons and 
50 cycles are quite practical, whereas large sizes up to a maximum 
of 15 tons would have to be operated with 15 cycles, with poly- 
phase current. 

With the given conditions in. the secondary circuit of the 
Rochling-Rodenhauser furnace, the conductor of the second 
class, which is placed in front of the poleplates must be made to 
conduct as soon as possible. This is accomplished primarily by 
giving the conductor as large a cross-section . as possible, and 
making the current path as short as possible, so that the operation 
proceeds only with very low current densities. In order, how- 
ever, to force a current passage, and tlrereby provide as quick a 
heating up as possible, with the comparatively liigh resistance 
of the conductor of the second class, a higher voltage is used 
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in the secondary circuit during the heating up period, than later, 
during the regular operation. A convenient expedient for 
accomplishing this is to alter the number of turns of the secondary 
winding; this may be accomplished by the use of a single throw- 
over switch. In this way, for instance, the S-ton furnace at 
Vdlklingcn is operated with 20 volts in the seconchiry circuit, 
during the heating up period, with the imimary voltage remaining 
the same, whereas, subsequen.tly, /.c., during tlie normal operation 
only, TO volts is used. With this voltage it is possible to conduct 
several thousand amperes through the current-carrying lining 
into the molten metal. 1'his naturally brings with it an increased 
heating effect, even though the main heating is accomplished 
with the currents dire^ctly induced in the bath; also, during 
normal o]‘)eration the current encounters a resistance in its path, 
in the current-carrying mass leading to the bath, similar to the 
resistance mentioned with carl)on electrodes in arc furnaces. 
In accordance with this, considerable i)ortion of the energy 
generated in the secondary coil must necessarily be converted 
into heat in the current-carrying lining, d'his would, of course, 
mean substantial losses, provided this heat could not l)e utilized 
in the bath. This heat is however utilized as the metal bath is 
in contact with the current-carrying lining, which may be re- 
garded merely as a heat resistor, the ol)ject being of transferring 
the heat generated in it to the bath. Slight radiation losses only 
occur as a small percentage in the arms of the poleplatcs, 
(which however possess no cooling arrangements), but there 
are no apimeciable losses otherwise, excepting those which for 
instance are occasioned by the radiation and heat conduction 
of the insulated heating channels, as already described. 

Considering the foregoing, we may regard the Rck'hling- 
Rodenhauscr furnace as a coml)ination of a i)ure induction 
furnace with a pure resistance furnace, so that the usual designa- 
tion of the furna('e as a “combination” furnace is well founded. 

If the combination furnace be now comi)ared with the ideal 
furnace, it may be said concerning the tUilizalion of awjy available 
form of aUernaling current, that the furnaces fulfil this reejuire- 
ment to a considerable extent, for they may be built for any 
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prevailing voltage for either single or ])oly})hasc. A certain 
restriction, however, apjx'ars, in that the falling power factor 
with increasing size furnaces cannot be avoided, even though 
it is considerably less than with the Kjellin furnace. Single 
phase furnaces of 3- to 5-ton cai)acities are practical only for 25 
cycles and less; with greater capacities the}’ can only l)e Iniilt 
for 15 cycles. With polyphase furnaces the droj) is not so 
sensitive, so that here 3-ton furnaces may Ijc built for 50 cycles, 
and r5-ton furnaces may still be built for 15 cycles. 

From what has gone before, it is evident that sudden fmver 
jlucLuations with Rdchling-Rodenhauser furnaces arc absolutely 
absent. Where value is placed on machinery having small 
repairs and long life, these 
furnaces accordingly mean an 
ideal load for the central 
power plant. This is also the 
case when it is necessary to 
change the energy supplied 
to the furnace, and thus raise 
the temperature to the degree 
necessary for favorable oper- 
ation of the metallurgical 
process. If the furnace is to 
operate in conjunction with its own generator, it can best be 
regulated as shown by the wiring of I^ig. 80 which is perfectly 
applicable to the single phase Rdchling-Rodenhauser furnace. 
This method was originally applied at the Rdchling works, to 
an 8-ton Kjellin furnace, and is used unchanged today for a 
furnace of the same size. In using this scheme it is assumed 
that the generator is to be used only for the furnace. As it lias 
been shown that the combination furnaces have the advantage 
that they may be connected directly to existing j)olyphasc cir- 
cuits of ’ any voltage and frequency, even for furnaces of con- 
siderable size, this arrangement becomes particularly interesting. 
For instance the arrangement may be used at all works which do 
not desire to erect their own power plant, but wish to use current 
from a distant central station. It is, however, significant for 
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works which desire to form a dermitc and practical opinion u[ 
the working operation of the Rochling-Rodcnhauser furnaces 
to do so by means of a small trial installation. Such works 
would lay the greatest stress on the ability to utilize their existing 
power plant in order to reduce the initial cost of a trial installa- 
tion. 

In .such cases it is necessary to regulate the voltage at the 
furnace without appreciably disturbing the voltage of the 
central power jdant. d'his is iiccomplished by the use of so- 
called regulating or auto-transformers. Fig. 98 shows the wiring 
scheme for one of these for three phase currents. If at the 
points, ffj, a.,, and for instance, a certain star connected 
I)otential of, say, 500 volts is connected, corre.sponding to a phase 
voltage of 289 volts, and if there are 289 turns between the 
neutral point and a,, and a.„ then there are only 260 turns 
lying between the neutral point and the points and 

there will be only a 260 phase voltage between these points and 
the neutral point, corresponding to a star connected voltage of 
260 X 1.73 = 450 volts. In case the primary coils of the 
furnace are connected with the points bz, and b we give 
them 450 volts in place of the 500 volts of the circuit. Any 
number of these taps may be brought out of the auto- transformer. 
For instance, the points c^, Cj, and c.,, could deliver 400 volts, 
provided it is assumed they correspond to about 230 turns so that 
a phase voltage of 230 would result. In the same way that a 
voltage decrease is attained a voltage increase may also be 
reached. In this way the points d.^, and 4 would give 
550 volts, and the points and C;„ a potential of 600, 

if the number of turns per core were raised respectively to 318 
and 347. It may therefore be seen to be a matter of fact, that 
the voltages are proportional to the number of turns, and that 
only one continuous winding per core of the transformer can be 
used for voltage regulation. A so-called step switch, especially 
designed, is still necessary, in addition to this transformer, by 
the aid of which the winding may be switched from one point 
to another without interrupting the current. 

The electrical efficiency of a Rdchling-Rodenhauser furnace 
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may be regarded as extraordinarily favorable, for an electric 
furnace. Measurements taken on a 3>^-ton single phase furnace 
in Volkingen, for instance, gave an efficiency of 96%, notwith- 
standing that this furnace was the first of the larger ones to be 
constructed, and could by no means be designated to be especially 
well dimensioned — as the line losses are extremely low when 
using high potential directly, and as rotary transformer losses 
are usually not present, the total electrical efficiency of these 
furnaces will always be greater than 90%. 

It has already been mentioned that the furnaces are of the 
tilting variety. 

The requirements of an easily surveyed and accessible hearth 
may be regarded as being fulfilled, as the hearth is central and 
has two or three operating doors at the sides. There remain, of 
course, the heating channels at the sides which are not well 
esteemed by the metallurgist, although they are so arranged 
that slag cannot enter them, but it must be remembered that 
they result in a far-reaching circulation on account of electrical 
conditions, which assures a homogeneous composition of the 
molten metal both in the channels and in tlie hearth, so that the 
heating channels, as a matter of fact, exercise no deleterious 
influence on the operations. 

The circulation phenomena in Rochling-Rodenhauser’ furnaces 
result advantageously owing to electric and magnetic conditions. 
Referring to Fig. 99, which shows a hearth of a single phase or two 
phase furnace, the arrows show the direction of the circulation, 
which direction may easily be observed in actual practise by 
throwing some lime dust on the uncovered metal bath. We have 
also the circulation of the bath against the lining, between the 
bath and the coil. In addition to this it may be observed that 
the molten metal is somewhat elevated at the doors, which re- 
sults in a flow of the fluid mass toward the middle of the hearth 
on the one hand, and toward the channels on the other. Both 
manifestations may be defined as being the mildest forms of the 
pinch effect. This appears as shown in Chapter III, because 
the fluid conductor flows toward the point of higher temperature. 
The high current densities are to be found, first, in the middle of 
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the hearllij and second, in the heating channels, whereas the cur- 
rent densities are decidedly the lowest at the broad sides of the 
hearth, near the doors. There is consequently a suction action, 
hrst on the part of the channels, and again on the part of the 
centre of the hearth. This circulation, based on the iiinch effect, 
has the advantage that it works vertically against the inner lining, 
and therefore lessens this motion, so that throughout the whole 
furnace there can be o])served only a slow How, without l)eing 
violent in any way. A i)art of the ascending motion of the 
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fluid metal at the doors is to be accounted for by stronger 
heating of the bath, occasioned by the heat generated by 
the current through the current-carrying lining, which 
naturally results in a rise in temperature of the higher heated 
material. 

Exactly the same reasons cause the circulation phenomena in 
the three phase furnaces, so that there remains little to be said 
about it. Fig. 100 shows the circulation phenomena which may 
be observed in one of these furnaces. This is somewhat different 
from tire single phase furnace, as there is an additional circular 
motion of the bath between the three cores. This rotary motion 
is the result of a rotating field, which arises between the three 
transformer cores and has a similar action to the connected 
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stator of the polyphase motor, by means of which the armature 
is caused to revolve. This comi)arisoii must not lead one to the 
erroneous conclusion, that the l^ath rotates at the same speed 
as the rotor of 'a motor would under similar conditions. The 
motion is also very mild here, and can often only be observed by 



Fig. loi.-" -Tranafonner of a single phase furnace. 


throwing fine lime on the bare metal. A circulation, such as 
this, possesses distinct advantages for the metallurgical process. 
It causes new masses of metal to be brought into contact with 
the refining slag, also a thorough homogeneity of the contents 
of the furnace, and finally facilitates the separation of suspended 
particles of slag, without having any consequential disadvantages. 
If, now, the opinion is expressed that the lining docs not stand 
up well under the action of the circulation, this may be accounted 
for by the fact that the durability of the lining of induction 
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furnaces was short, as compared with that of arc furnaces; bti 
the lining costs per ton of steel were not higher than those o 
arc furnaces. As a matter of fact the influence of the circU 
lation of the molten metal on the lining is almost insignificairt 
for the wear takes place only at the slag line and is thereto x*' 
only to be accounted for by the chemical action of the sla^ 
which can be easily proved by the worn lining at the slag line 
Finally, it may be mentioned that the Rochling Iron & Stec 
Works have been successful in constructing the refractor*: 
lining of Rbchling-Rodenhauser furnaces to withstand tH' 
action of the slag, to such an extent that the durability of tlx 
hearth compares very favorably with that of the Girod or Stassaix' 
furnaces. Even so, the bottoms and side walls of 20-ton fuv 
naces, in order to last more than a few heats, have to be mad 
of Austrian magnesite, carefully prepared, and the differeix 
sized grains selected and proportioned in accordance with ai 
empirical formula, the entire mass mixed with a special grad' 
of tar. When these conditions are not obtainable the furnaC' 
becomes inoperative. 

Regarding the circulating phenomena, there is still to 
mentioned that with vefy large furnaces, for instance, havirx| 
comparatively great depths of bath, it may be advisable t< 
obtain a stronger motion in the bath than is possible with th.' 
above-mentioned forces. A convenient means for doing this ii 
to increase the pinch effect. In order that this may be aC' 

. complished, all that is required is to raise the bottom of tlK 
hearth in the centre for a short length. This causes a coiX' 
traction of the cross-section of the bath at this place, giving i 
higher density, and consequently a stronger suction action a 
the centre of the bath which can be increased until the batl 
becomes wavy, in case the raised portion is made high enough. 
By means of this arrangement, therefore, we have a convenien.' 
means of increasing the circulating motion to any desire c 
degree. 

The Rochling-Rodenhauser furnace is far-reaching in it: 
application. The furnaces are adapted to produce any qualit;j 
of steel from any common raw material. The assurance for thi 
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is given by the similarity of the working hearth to that of the 
Siemens-Martin open-hearth furnace. It does not seem inap- 
propriate to dwell explicitly on this point at this place, as these 
furnaces, being a type of induction furnace, were credited with 
the same weaknesses that tlic early induction furnaces possessed. 
These disadvantages appeared with the Kjellin furnace (the 
first induction furnace which found its way into practical steel 
making) on account of its ix‘culiarly shaped hearth. This 
prejudice against the furnaces is, however, entirely unjust. Re- 
garding this, reference is made to the second part of tliis book, 
where the best relining results attained with other electric 
furnaces, as well as with Rdchling-Rodenhauser furnaces, are 
discussed in detail. Of course these furnaces reach a limit of 
their applicability, when cold stock is to be melted in the same 
furnace for high class steel alloys with quick changes following 
each other. In this case, when working iq) cold stock, the metal 
remaining in the hearth would interfere with the conqiosition of 
the next charge. Therefore, if induction furnaces were to be 
used in this case, two furnaces would be necessary, one of which 
would be designated to melt the cold metal, and be oixTated to 
make a portion of each charge start the succeeding charge, 
while the second furnace, in which the refining and alloys would 
be made, could always be charged with hot metal from the first 
furnace, and would consecj[ucntly be fully emptied after each 
charge. With this method of operation it is evident that the 
previous charge cannot in any way affect the quality of the 
succeeding one. It requires, however, a comparatively large 
initial capital, which would only be justified when it would be 
desired to make large quantities of electric steel. These con- 
ditions would make it difficult, if not impossible, for small steel 
plants to compete with the induction furnace in its present 
form, when using the above method. On the other hand, in 
very many other cases, the necessity of leaving some of the 
metal in the furnace can hardly be regarded as a detriment when 
working up scrap. This applies particularly to those making 
electric steel, in the manner it is made to-day, for instance, in 
large lots to take the place of Swedish iron. For, in this case, 
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the metal remaining offers the advantage of allowing the melting 
operation to proceed by using a considerable proportion ol the 
available electric energy left in the remaining metal, even while 
charging. This results in shortening the melting time, and 
produces a better efficiency and also a greater production. 

A further limitation of the use of electric furnaces may lie 
ascertained by studying the limit of practicability of the furnaces 
according to their size. It may be mentioned here, that single 
phase and two phase furnaces are built for a minimum capacity 
of 300 kg. (660 lb.), and give practical and economically useful 
operating conditions. If the bath surface becomes too large 
in proportion to the capacity, then the thermal losses become of 
such an extent that an economical operation would no longer 
be possible. The useful limits of these furnaces for the iron 
industry lie therefore within the sizes mentioned above and 
below. 

One of the largest European Rdchling-Roclenhauser furnace 
units so far built has a capacity of 8 to 10 tons. This gives ex- 
cellent operating results at the works of the Rochling Iron & 
Steel Works. Since then a 13-ton furnace has been placed in 
operation at the Poldhi Works in Austria, and is reported to l)e 
working well. Two 20-ton furnaces are ready to be placed in 
operation in Pennsylvania. (Sec Fig. 101.) 

The thermal efficiency of the furnace may best be judged by 
the total efficiency. That the efficiency of furnaces becomes 
better with increasing sizes, is true as it is with other furnaces 
previously discussed. We find that the smaller sizes, adapted 
to single phase, arc considerably superior to the three jihase, 
considering their total efficiency, whereas when the capacity 
reaches 3 tons the efficiencies are about etpial, while for larger 
sizes than this the polyjihasc furnace is the better. I'lie reason 
for this arises from the fact that single phase furnaces, even of 
the 3-ton size, must be operated from as low as 25-cycles, whereas 
three phase furnaces of this size may lie operated to advantage 
with 50 cycles. Lowering the frequency necessitates enlarging 
the cross-section of the transformer, winch means more space 
for the coils, and hence a larger periphery of the walls touching 




three phase furnace of the same she, which has a smaller bath 
surface with a greater depth of bath. 

Even though the single phase furnace up to the 3 -ton she is 
preferable to the three phase furnace on account of its efficiency, 
these conditions, however, become a deciding factor only when a 
new generator is to be furnished for the furnace in either case. If, 
on the other hand, an extensive power plant producing a certain 
type of current already exists, then the choice of furnaces 
would in most cases be decided by the actual current available, 
in case this could be used directly in a single, two, or three 
phase furnace. In these cases, when using the existing current 
directly in the furnace, the deciding factor would be the avoidance 
of the rotary transformer losses, which are always about 15 to 
20%, and therefore so large that, as fai as the total efficiency of 
a furnace installation is concerned, they would be bound to be 
the deciding factor. 
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the bath surface, so that with a 3-ton single phase furnace we 
have a larger bath surface, with a lesser bath depth, than with a 


Fig. 103 . 
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In discussing the question of efficiency, the following will be 
of interest: The total (net) efficiency of a iT<-ton three phase 
furnace at the Rdchling Iron & Steel Works was 6o%, when 
comparing the theoretical figures and the actual amount of 
energy used in melting up cold scrap. The total efficiency of 
the 8-ton furnace operating at Volklingen was determined by the 
fact that it took 580 kw, hrs. to melt one ton of common scrap. 
If we compare this with the required theoretical energy, which 
was placed at 489 kw. hrs. in the previous chapter, we find that 
the 8-ton Rochling-Rodenhauser single phase furnace has an 

efficiency of — = 85%. Since this calculation of 489 Kw.-hrs. 

580 

was made, Jos. W. Richards has placed this figure at 348 Kw.-hrs., 

^ . Q 

making the above -- = 60%. 

580 

Even though these figures may not lie called absolutely 
correct, on account of unavoidable irregularities or uncertainties 
creeping into the theoretical computations of the energy rec^uired, 
still the fact remains that the required power of 580 kw. hrs, was 
all that was needed to melt one ton of common commercial steel 
scrap, so that the efficiency figures retain their full accuracy and 
significance as relative figures of comparison. Considering the 
heat losses, these results show that, in spite of the really unfavor- 
able arrangement of the hearth with the side connecting channels, 
efficiencies are still attained, which are fully equal to those 
of the Kjellin furnace, with its ring formed hearth, and they may 
also be considered as comparing most favorably with the 
efficiency of any arc furnace. 

In adding a few words here on the insldlaiion cost, reference 
is made to a 5-ton polyphase furnace which is to be connected to 
an existing power plant. This would operate in conjunction 
with a separate transformer and a multi-point switch and would 
cost about $28,000. This price includes the furnace, the furnace 
transformer, the switchboard, the electrical tilting mechanism, 
etc. It, however, does not include the generator installation, 
which was assumed to be already in existence. 

The following references are to the figures wliich augment 
the text. Fig. loi shows the transformer of a single phase 
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Rochling-Rodenhauser furnace, while Fig. 102 shows the trans- 
former for a three phase furnace. From the ligurcs one can 
plainly perceive the arrangement of the cores and yokes. The 
former are covered by the protecting cylinders, as these ligures 
show the manner in which the ventilating air is conveyed by 
means of a central air duct, as shown in Fig. 88. The bifurciited 
air-supply duct wliich lies between this central duct and tlic cores 


is also plainly distinguishable in Fig. 102. Such furnace trans- 
formers are then built directly into the furnace brickwork or into 
the furnace refractories, which thus decide the appearance of 
the furnace. Fig. 103 shows an 8-ton single phase furnace in 
its tilted position, and Fig. 104 a three phase furnace of i )4 tons 
capacity. 

The sale of these furnaces and the giving of licenses are con- 
ducted in Continental Europe by the Gesellscha/l filr Elcklro- 
stahlanlagen, Berlin, Nonnendamm; for England and her Colonics 
except Canada by the Gr&ndal-Kjellin Co,, London, In the 
United States and Canada formerly by the American Electric 
Furnace Co., New York, at present by Naylor Co., agents 
for Grbndal-Kjellin Co., New York. 



' CHAPTER XIV 


THE ELECTRIC SHAFT FURNACE 

In the consideration of electric furnaces that one must not 
be overlooked which may be briefly called the Electric Shaft 
Furnace. It is to serve to replace the ordinary blast furnace. 

From early times efforts have been made in countries rich 
in ore and water-power, but poor in fuel, to replace the fuel used 
in the blast furnace for the production of heat, by electricity, 
and so lower the fuel consumption. In the electrical process of 
pig-iron production there only remains about one-third of the 
fuel consumption necessary in the ordinary blast furnace, and 
this is for reduction only. In this way about two-thirds of the 
fuel cost is saved. At the same time the large blowing engines 
of the ordinary blast furnace are not required. These arc the 
two important things that promise success to a good solution 
of the question of the electrical smelting of iron ore. 

Even in the introductory period of practically useful electric 
furnaces we find that they were first adapted to the production 
of pig iron. The Stassano furnace is an example which was 
originally only constructed for the smelting of ore. It is shown 
in Fig. 44, which clearly brings out how similar it is in construc- 
tion to the ordinary blast furnace. Stassano ’s experiment was 
unsuccessful, and we have seen how he turned to the method 
worked out in the meantime at La Praz by H6roult, for the 
utilization of scrap. Tests were also made in those parts of 
France having abundant water-power. Here Keller and H6roult 
were occupied with the question, and many reports and discus- 
sions of their experiments appeared in the journals in the middle 
of the last decade. 

The furnace used by Keller is shown in outline in Fig. 105. 
Two shafts are joined at the bottom by means of a channel. 

At the base of each shaft is a carbon electrode, these electrodes 

24 li 
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being connected by means of an outside cable. A carbon elec- 
trode is hung in each shaft. At the beginning of the oi)eration 
the current flows from one carbon elec'trode and through the 
charge in the corresp(mding shaft to the bottom ek'ctrode. 
From here it goes through the outside <'able to the bottom 
electrode of the other shaft, through the charge, and to the 
second electrode. As the smelting proceeds the connecting 

c-haniu'l becomes filled with 
molten iron. As soon as a 
connection is made in this 
way between the two shafts 
the current Dows through the 
molten material, which offers 
a much lower resistance than 
the two bottom electrodes 
*and the outside calile. In the 
middle of the channel is the 
laiiping liole. 

In a later construction 
Keller luul a third small 
carbon electrode, which was 
lowered into the connecting 
channel, and was used to keep the metal there thoroughly liquid, 
lilxtensivc tests were made with this later furnace at Livet in 
1904, at the time of the visit of the Canadian Commission under 
Dr. Haanel. 

Of le.s,scr importance were the tests carried out by H^roult, 
at La Praz, in the presence of the Commission. Cerman Patent 
142,830, 1902, shows that H^roult had not left the subject of 
the smelting of ore in the electric furnace without attention, 
although he worked, at first, to develoj) a jirocesH for using scrap- 
iron and steel. This patent was granted on an electric furnace 
with electrodes built in the hearth and the shaft. It is shown 
in Figs. 106 and 107. It was not successful, and IMroult in his 
tests before the Commission mostly used a simple type similar to 
one-half of the Keller furnace. Kis average prtKluction with such 
a furnace at tLat time was 7.82 metric tons per 1000 K.II.P. days. 


m — 
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In the time immediately following the visit of the Canadian 
Commission no further experiments in the line of pig-iron pro- 
duction were made in Europe that are worthy of notice. The 
general attention was devoted to the production of electric steel 
and iron for the very good reason that the results so far obtained 




in the production of pig iron showed no promise of success in 
Europe, for a great number of years, in competition with the 
highly developed ordinary blast-furnace process. 

On the other hand tests were continued in Canada, to which 
country H^roult went in December, 1905, his experiments being 
made in January, 1906. I'hey were mbstly carried out with the 
furnace shown in Fig. 108, consisting of a crucible witli a shaft 
above it. The bottom, being made of electrode carbon, forms 
one pole, the other being a hanging carbon electrode. This 
electrode had a length of about 5' 10.8", and a cross-section of 
about 16" X 16". The maximum current was about 5000 
amperes, with a pressure of 35 to 40 volts and a power factor of 
cos ™ 0.9. The results under normal conditions were the 
production of about 11.5 metric tons of pig iron per 1000 E.H.P. 
days. Although good results were obtained with various ores, 
judging from a metallurgical standpoint, it was seen that an 
electrode entering the furnace with the charge would not satis- 
factorily solve tlie problem. For instance the electrode frequent- 
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ly rose higher and higher in the shaft of the furnace, so that the 
material in the bottom got colder and colder. This was caused 
by the charge becoming too dense, and not allowing the gases 

to escape easily enough. 
In this way the resist- 
ance between the two. 
poles was lessened, and 
the voltage remaining the 
same, the upper electrode 
rose in the furnace. It 
also brought about con- 
siderably higher electrode 
consumption. To sum 
up the question, a suc- 
cessful electric shaft fur- 
nace was not solved by 
the experiments made in 
Canada. 

In the spring of 1907, 
experiments with electric 
pig-iron production were 
begun in Sweden, Messrrs. 
Gronwall, Lindblad and 
Stalhane together formed 
the “Electrometal” 
Company, with the aim 
of building and- selling 
electric furnaces. The 
tests which will now be 
considered in detail were 
carried out by them at 
Domnarfvet. According 
to Yngstrbm’s careful re- 
No. 9, 1909, a current of 
With this current a 900 



Fig. 108. 


port in the J ern-Kontorets Annaler, 

7000 volts at 60 periods was used. 

HP motor was driven, directly coupled to a 25 period, three phase 
generator. From this generator the current was led directly 
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to the transformers which were arranged near the furnaces and 
served them. Here also a switchboard with the necessary 
measuring instruments was set up. 'Phese incliuhHl a wat t- 
meter, three ammeters, and one voltmeter. Underneath were 
the IuukI wheels for regulating the electrodes. 

Grdnwall, Lindhlad and StalJiane first made use of the results 
of the former experiments. They therefore endeavored to 
completely obviate the use 
of hanging electrodes, and 
to keep the current in the 
hearth of the furnace. Fig. 

109 shows the first test 
furnace, which was built 
to take single phase cur- 
rent. Each pole consists 
of a copper plate carrying 
a graphite block. These 
blocks arc hollowed and lie 
outside of the furnace 
proper. Channels lead from 
them into the furnace 
which, when filled with 
molten iron, serve to con- 
duct the current to and 
through the charge. Be- 
sides these two conduction 
channels that are arranged 
on one side of the furnace, there is a third one, as may be seen 
in the illustration, and which serves for tapping the furnace. 

After charging, the furnace is run jirecisely as an ordinary 
blast furnace, until a considerable amount of metal has collected 
in the hearth. This insures good conduction from the carbon 
electrodes to the interior. The blast is then stopped, the current 
switched on, and the electric heating begun. 

The course of the current was arranged as follows: It 
entered at one pole and passed through the metal lying over it 
into the metal in the channel at one side of the furnace, proper, 
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from here through the charge to the metal in the channel at 
the other side, and so to the outgoing pole. Heating is brought 
about through an overheating of the liquid contents of the 
furnace on the one hand, and the resistance offered by the charge 
on the other. This should furnish heat sufficient to smelt the 
ore. The hearth was made of quartz. In operation it only 
lasted a very short time, so that the furnace could not be operated 
for very long. This was because its wave-like surface offered 
conditions favorable to attack, and brought about quick destruc- 
tion at the high temperatures reached. 

The first necessity was to rebuild the furnace. This was 
done in .such a way that the electrodes led into the furnace from 
opposite sides, as is shown in Fig. no. At the 
same time it was hoped that the use of mag- 
nesite in the hearth would give better service. 
This, however, was not the case, for the reason 
that the magnesite, a fairly good conductor 
even at ordinary temperatures, became too good 
a conductor at a high temperature, and the ex- 
periment had to be stopped. This second test 
showed the impossibility of satisfactorily lead- 
ing the strong current necessary for heating a 
shaft furnace into the charge from the bottom. 
This style of furnace was therefore rejected. 

The third test furnace approximates in form the one already 
proposed by H6roult in his patent of 1902. It is shown in 
Fig. III. The shaft-like construction is furnished with three 
electrodes, of which one forms the bottom, while the two others 
are arranged on opposite sides at a medium height. The direction 
of the current can be so arranged that it either flows horizontally 
from one shaft electrode to the other, or else goes out through 
the bottom electrode. In operation the shaft electrodes were 
destroyed so rapidly that they were replaced by ordinary water 
cooled electrodes with continuous feed. With this arrangement 
considerably better results were obtained, but the walls near 
the shaft electrodes were so rapidly destroyed, because of the 
intense heat generated, that this style of furnace was also rejected 


I 



Fig. no. 
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as unsatisfactory. It, however, pointed the way to a good 
solution of the question. If care was taken to keep the intense 
heat, which is produced where the electrodes and charge come 
in contact, away from the walls, then more favorable results 
and a greater furnace life would be obtained. These considera- 
tions led to surrounding the electrodes directly with the charge, 
so that the heat, which was formerly lost through the walls, could 

now be used for heating the charge, 
and at the same time a much 
greater durability of the furnace 
walls was obtained. 

The 1909 test furnace is shown 
in Fig. 1 1 2, the lower part of 
which may be considered as the 
final form of the electric shaft 
furnace. This is the furnace of 
Gronwall, Lindblad and Stalhane. 
It has three electrodes penetrat- 
ing the roof of this hearth and 
is in general very similar to the 
ordinary blast furnace, except that the tuyeres are replaced by 
electrodes. The results show that this construction in its 19 ii 
and 1912 improved form is the most complete and suitable 
produced, and is perhaps the only one worthy of serious considera- 
tion. A detailed description is given below. 

The smelting part of the 1909 furnace forms a large crucible 
or hearth 7^ in diameter, 4' ii" high. It is lined with mag- 
nesite. The shaft of the furnace is arranged above the hearth, 
and has a height of 17' with an interior diameter of 4' 3" at the 
widest part. The shaft is supported by a steel framework 
resting on six iron columns. This makes it possible to independ- 
ently repair the hearth. The charge falls from the shaft into 
the hearth through an opening arranged in the roof. It forms 
an angle or slope of about 50° to 55°. This produces a free space 
between the charge and the roof and walls of the hearth, on 
which the greatest importance is to be placed. It serves to 
cool the electrodes and the walls of the furnace. To help in this 
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purpose the cool waste gases from the top of the shaft arc taken 
and blown through tuyeres into this cooling space, d'his method 
also brings heat l)ack to the furnace^ and so gives a better heat 
efficiency. As Fig. 1 1 2 shows^ three carbon electrodes penetrate 
the roof of the hearth. In the igio model four electrodes; and in 
the 1911-1912 model six electrodes; arc used. 'The early electrode 



Fig. 1 12 . 

consisted of two carbon blocks 13" square, so that the total cross- 
section is 169 sq. ins. The electrodes are made in Sweden from 
retort carbon, and permit the use of a current of 25.8 amperes 
per sq. in. 

The electrode holders consist of strong steel frames. These 
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are provided with several wedges by means of which the copper 
plates that carry the current from the cables to the electrodes 
arc firmly pressed against the latter. The electrodes are operated 
by hand, and the part projecting from the furnace is provided 
with an asbestos cover to prevent oxidation. The openings for 
the electrodes have water-cooled seats, and arrangements are 
provided to prevent the escape of gas, which is most important. 

When the furnace is put in operation it is run, at first, exactly 
like an ordinary blast furnace. The electrical heating is only 
used later. The furnace now described was run, with slight 
interruptions, from May 7, 1909, to the end of July. The follow- 
ing notes, taken from the account of the operations, are of special 
interest. At the beginning of the electric heating the current 
goes chiefly through the upiier part of the charge, which means 
that the largest amount of heat is produced immediately under 
the roof, which is strongly heated and partly destroyed. One 
reason for this is that the lower part of the charge is colder, and 
therefore offers greater resistance than the upper part. The 
conditions were greatly improved as soon as the waste gases 
were blown in. The temperature of the roof was lowered, and 
the hottest zone sank lower and lower. The result was a lower- 
ing in the resistance of this part of the charge, so that the current 
found a more favorable path, and was concentrated in the lower 
part of the hearth. When this condition was once reached a 
five days’ interruption of the gas-cooling brought about no change 
from normal running. 

During the operation of the furnace no big fluctuations of 
the current were noticed, and even during tapping the instru- 
ments remained steady. This leads to the conclusion that the 
resistance of the charge was very constant. The electrodes 
required very little attention. They were regulated once a day 
on the average, and in one case they were not touched for five 
days. 

The maximum current amounted to 9000 amperes per phase. 
With 25 cycles a power factor of 0.8 to 0.9 was obtained, with 
60 cycles of about 0.7, and other calculations gave 0.535. Natu- 
rally with a fixed crossTsection of electrodes the amount of energy 
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that can be used is dependent upon the pernutted potential, 
which in its turn depends upon the resistance of the cliarge. 
The higher this resistance, the higher can tire voltage be witliout 
the strength of current overstepping tlie permitted maximum. 
It is therefore of interest to know how to influence the internal 
resistance, and this consists in the choice of the prot)er amounts 
of ore and fuel in the charge. In the following table are given 
the strengths of current reached with various burdens, and with 
fixed voltages. 


Cliargft with 

I'olnitial 
b('twt'i'u two 
Two I’hasi'H 
in Volts 

(‘urmit 

StreiiKlh 

I)t‘r Phase 
AitiiiereH 

Power 
with an 
AveraKf (‘os 
</■ - 0.8s 

A 1 .7,^ ei i-os 1/1 

C'oko in (‘xcoHS 

34 

tj,()00 

.[.So kw. 

Coke not in e-xeesH 

3d 

K,Ho() 

4d5 " 

To(j lit (le charc’oul 

60 

d,30<) 

555 “ 

Su/Ticient charcoal 

54 

7/)00 

do3 “ 

Too nuich charcoal 

4H 

7,f)Oo 

53d " 

Too much Coke and charcoal . 

35 

(),2()() 

471 " 

SulTicient coke and cluirctjul 

4« 

7/)(K) 

53d “ 


The operation of the furnace was very simple and uniform, 
the metal being tapped about every six hours. When judging 
the efficiency of the furnace it should be remembered that the 
following sources of loss are to be considered: 

1. Cooling of the electrodes with water. 

2. The ohmic resistance of the conductors and contacts. 

3. The radiation from the furnace. 

The total loss amounted to from 230 to 270 kw., the higher 
value coming at the end of the run. The loss is divided about 
as follows: The water cooling carries away from 1 18 to 225 
kw., which, with a power of about 500 kw., corresponds to a 
loss of about 25 to 30%. Overcoming the contact resistance 
takes about 40 kw., and from no to 180 kw. are lost by 
radiation. The electrodes lose 5.8 kg. (12.8 lb.) per metric 
ton by burning away, the total consumption being 13.8 kg. 
(30.4 lb.) per metric ton. From another source (E. F. Ljung- 
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berg, Mctalhirgie, November, 1909), the consumption of elec- 
trodes through burning is 8.8 kg. (19.4 lb.), iind through waste 
ends 13.9 kg. (30.6 lb.), a total of 22.7 kg. (50 lb.) [)er metric 
ton. This large difference l:)etween the loss by burning and the 
total consumption is brought about by the electrodes not being 
completely burnt, and the ends having to be rei)laced by new 
ones. There is no loss from stub ends in the later designed 
electrodes which are screwed together. 

The maintenance cost of the furnace could not be determined 
exactly, but the furnace worked satisfactorily for 85 days without 
a stop. The weakest place is the roof of the hearth, which is 
exposed to the intense heat generated at the electrodes. Accord- 
ing to Ljungberg, 891,623 kw. hours were used to produce 280 met- 
ric tons. This means 0.492 h.p. years or 3 184 kw. hours per metric 
ton of pig iron. This is a high figure and has since been lowered 
to less than 2000 kw. hours, or 0.31 h.p. years, on long runs.* 

The following tables give the efiiciency obtained during the 
test with different burdens: 



j 

Carbon Conaumption 

Amo'.mt of 

Real Power 


Charge No. 

(pure carbon) 

Theoretical 
Energy .Necca- 
aary witli the 
(liven Carbon 

1 C'onMiiinption 

Electrical 





KfTiclency 


Kg. 

Lb. 

Consumption 


JI.P.Yeur 



kw. hrs. 

kw. lira 

36s days 


3 

252 

555.5 

1,470 

3,114 

0.483 

47 % 

4 

254 

560.0 

L 43 « 

2.473 

(>•383 

58 

5 

284 

626. 1 

1,741 

3.245 

0.505 

54 

6 

294 

648.1 

1,870 

3,334 

0.517 

56 


The economy of making pig iron in the Crdmvall, Lindblad 
6* Stalhane furnace is given in the chapter on operating costs, 
hence the following table by Calani is of interest. It is quoted 
from Neumann, Stahl und Eisen, 1909, p. 276. This table 
shows how high the price of current per h.p. year can go, with 
coke at a fixed price, for the electric shaft furnace to compete 
favorably with the ordinary blast furnace: 


* See page 250. 
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PiK Iron Produced 
per a.t, lira, iier II. P. 

Coke Price 

Kg. 

L1)H. 


S.s .71 

$ 7 .<n 

6 

13.2 

4.KK 

7.30 

9 . 7(0 

1 Price of 

K 

17.6 

6 . o<) 

9.14 

12. 19 

[ Power 

10 

22.0 

7. (it 

11.42 

15.23 I 

r pc*" 

12 

2 f ).4 

«.57 

12. S5 

17.14 ! 

1 h.p. year 


For comparison with the foregoing Jigures of the first tests 
in 1909, the 1910 191 1 tests results arc here recorded. 

The November, 1910 April, 1911, test furnace of 2500 h.p., 
of Grimwall, Lin(ll)lad & .Stalhane, is shown in vertical cross- 
section by Fig. 125. During the run the furnace was operated 
with four electrodes penetrating the roof, the furnace being 
operated with two phase current, from a three phasti dreuit by 
means of Scott connectetl transformers. The incoming current is 
10,000 volts, three phase, 25 cycles. 'I’he .secondary volts can 
be regulated between 50 and 90 volts from the high tension side. 
The arrangements are such that the dinferent phases can work 
simultaneously with different voltages. I’he method has greatly 
facilitated the working. Regulation is also laid by different 
switching from the low tension side. The newer 3500 h.p. 
furnaces for Hardanger, Norway, using coke instead of charcoal, 
have tlie following dimensions: 

Diameter of hoarth 3 nielorH » lo ft. 

“ at nuK 1.5 " « 5 " 

" al boHhea 2.15 “ » 7 

. Height of Hhuft 12.0 " «40 “ 

Total height of furnace 13,7 “ *45 '* 

These Norway furnaces are somewhat diHerent from the 
TrolMttan furnace. The volume of the shaft is smaller, but 
its diameter is greater than the corresponding shaft of a charcoal 
furnace. The coke in the charge gives it greater conductivity, 
so that a lower voltage is used. 

The ratio of volume of charge per day to shaft volume has 
been taken at 1.55, and the furnace volunae has hence been 


THE ELECTRIC SIIAET EURNACE 


253 


made 38 cubic metres (about 500 cu, ft.). The furnace hearth 
is lined with magnesite. The general contour of the furnace 
walls and roof over the hearth can best be seen l^y consulting 
Fig. 125. The roof is cooled as described under operating costs. 
The gas that is blown through the tuydres is cleaned in a water 
scrubber in the latest designs, as shown in Figs. 126 and 127, 
The electrodes used during the beginning of 19 rr were built 
up of 4 carbons — 2 metres (6}^ ft.) long and 330 x 330 mm. 
(13" X i3'0 section arranged to form an electrode 660 x 660 
mm. (675 sq. in.) section. 17,000 amps, is the permissible 
maximum or 25 amps, per sq. in. Toward the end of the year 
this has been changed to a * cylindrical electrode of 600 mm. 
(23.6 in.) diameter, which is gripped much shorter than formerly 
(see Fig. 126), thus saving 40 kw. The square electrodes were 
supplied by both the Plania Works of Ratibor, Germany, and 
from the tloganiis Works, Sweden. 'The 600 mm. round elec- 
trodes have lately been furnished by the former works and liy 
Siemens Bros. & Co., Litchenberg, near Berlin, d'he upper part 
of the electrodes is covered with sheet asliestos and thin sheet- 
iron, and the top surface is covered with a thick layer of ground 
asbestos and silicate of j)otash. They also have a water-jacket, 
beneath which gas was Idown to cool the roof (see Fig. 124). 
This practise was not long continued, as the COa burned holes in 
the electrodes. 

When starting the furnace, it is thoroughly dried out with 
wood and charcoal fires, and heated up electrically by filling 
the hearth with coke and turning on the current. About 3 
weeks is taken to burn through an electrode above the so-called 
‘‘stock line.” During January, 19x1, the average voltage on 
each phase was 62.6 volts, and the average current per phase 
14,449 amps. The average reading on the wattmeter was 1535 
kw.; the power factor was consequently .88 -h %. The elficiency 
of the furnace has been greatly increased since the tests were 
made with the 800 h.p. furnace at Domnarfvet, and is discussed 
under operating costs. 

The following table indicates the efficiency obtained during 
the tests as indicated; 
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^Average analysis of iron 0=3.649^, Si=36%, Mn=40%, S = .oo9%, P = .oi8%. 
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Comparing the last two sets of figures with the first four sets, it 
will be seen what a great improvement has been made during 
1 91 1. Comparing the above with the 1909 tests shown on page 
251, the improvement deserves the recognition it has received, 
in that over 60,000 h.p. of these furnaces have since been built 
or are building. 

It is interesting to know exactly what the first large 2500 
h.p. furnace installation of Grdnwall, Lindblad & Stalhanc cost 
at Trollhattan, which has a daily capacity of about 20 tons. The 
furnace house is of steel construction, and brick and both furnace 
and electric equipment cost more than a subsequent similar 
installation would, as this was the first one of this size. The 
cost was as follows: 

Excavation, railway connection, water-pipes, scale, etc. $10,727 


Buildinijs: Furnace house 14.735 

('harcoal Htora^jc-houso 6,032 

C.'rusher-houso, oflice, laboratory, shops 3.961 

Furnace 13.111 

Electric e(iuii)ment 13,782 

('able and wires 3,832 

(}as-motor, puniiJS, reservoir 3,222 

('rushers i,oti 

Transformers 3,433 

Motors for crushers, etc 1,724 

Laboratory equipment, furniture, etc io,430 


$86,000 

In order to give an idea as to the , size of the necessary plant, 
it may be said that an output of 10.65 kg. (23.45 lbs.), per h.p. 
day corresponds to a power consumption of 1736 kw. hrs. i)er 
metric ton. With a daily output of 300 metric tons this would 
need about 35,000 h.p. at the furnace, or about 38,500 h.p. at 
the power station, when allowing for a long transmission lino. 
If a plant is built for $50.00 per h.p., it would require a capital 
of $1,925,000. Allowing 9% for interest and amortization, and 
3% for taxes, etc., eacli h.p. year would cost about $6.00 at the 
power station, or about $7.50 at the furnace. 

A complete furnace installation for 300 tons would cost 
about $500,000 and consist of six furnaces of 7,000 h.p. each, 
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one furnace remaining in reserve. This estimate is based on 
the installation costs already obtained, but each furnace would 
be larger. 

It only remains to mention that because of the very favorable 
results obtained at Domnarfvet, 1909, the Jernkontoret of Stock- 
holm has acquired the patents of Gronwall, Lindblad & Stalhane. 
The British owners of these patents are the Electro Metals, 
London, whose American and Canadian representative is 
American Transmarine Co., Inc., New York. 

Iron ore reduction or electric pig-iron furnaces of different 
makes are built or building, among these notably some in 
northern Italy. Fifteen electric shaft furnaces of the Gronwall, 
Lindblad & Stalhane design are now (1919) operating or build- 
ing for Sweden, aggregating 60,000 Kw. One other is destined 
for Aosta, Italy, and one of these of 3,000 Kw. for Japan. All 
of the Swedish furnaces arc operating with charcoal, although 
it is stated, that very successful trials have been made on coke. 
The latter’s price, however, is at present too high to consider 
its use. With Swedish magnetites of 57 to 58% iron, the 
power consumption per metric ton is about 22,000 Kw.hr. 
With 50% ore it increases to 2,5,pOi>Kw.hr. The charcoal con- 
sumption is averaging 300 to 330 kg. per ton of pig-iron made 
and the best grade of carbon electrode averages 6 to 7 kg. per 
ton of pig-iron made- 



CHAPTER XV 

GENERAL REVIEW 

In addition to the methods of furnace construction previously 
described there are naturally a tremendous number of proposals 
for the design of electric furnaces. This is best brought out by 
the many patents that have been issued both for arc and induction 
furnaces. Although the literature of such patent papers may be 
very entertaining, and is indeed very often instructive, yet a 
consideration of the many proposals does not lie within the 
scope of this book. 

Most of them are only proposals and will never be tried out. 
A smaller number disappear quickly after a trial and leave no 
trace, while the third and smallest part stand trial in one or 
another plant. They enable the saving of the license fee for a 
successful furnace, but most of them coat enormous sums for 
experiments, and very often complications develop when they 
are put in operation. 

Although they are not for the moat part of value to many 
people they yet have the advantage that they help to spread the 
knowledge concerning the properties of electric furnaces further 
and further. On the other hand, it is naturally only through a 
fresh consideration of the new methods of construction that a 
further perfecting of the old or even new ways can be found for 
reaching the wished-for goal. 

On this account, therefore, it is perhaps justifiable to con- 
sider at least a few of the furnaces differing in construction from 
those used most frequently today. Another reason is that 
one or the other of them are sometimes discussed in the technical 
literature. 

Under the heading of arc furnaces comes first that of Chapelet, 
which is in use at the plant at Allcvard (TsiJre). It is shown in 
Fig, J13. We see that the current flows in an arc to the bath 
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from a hanging regulated carbon, similarly to the Girod furnace. 
From the bath it goes through a horizontal channel to a hanging 
cast-iron electrode that touches the channel. This constitutes 
the peculiarity of the furnace. It is not apparent that this 
arrangement offers any advantage over that of the Girod furnace. 
In the first place the furnace construction is much more dinicult 
and not so accessible as that of the Girod, Further it is to be 
feared that the metal in the 
channel between the outer 
electrode and the bath will 
force up the furnace bottom, 
except that part which is 
not molten, because of tlie 
inOuenco of the water cool- 
ing used for the iron elec- 
trode, lln's will bring about 
din I cullies in maintaining 
the lining, since repairs to 
the horizontal channel are 
scarcely possible, d'hc meth- 
od of working is exactly 
the same as that of the 
Girod furnace, that is to 
say, that heat is produced 
exclusively by the arc, the 
resistance offered to the current by the molten material not 
being of any noticeable value. 

The details of construction offer little that is worthy of 
attention. Water cooling is used at the opening in the furnace 
roof for tlic entrance of the carbon electrode, at the outer iron 
electrode, and also at tlic carbon electrode connections where 
the current passes from the copper cables. The cylindrical 
furnace roof is removable. The openings in the front part of 
the roof are used as working doors, as shown in the illustration. 
There are several of these furnaces in Allcvard, but, according to 
Coussergucs’ report, only one is in operation. 

The Keller furnace, shown in Fig. 114, has still greater 
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similarity to the Girod furnace. The only difference is a special 
arrangement of the bottom electrodes. While Girod, as we have 
seen, uses several water-cooled steel electrodes that arc dis- 
tributed over the bottom surface of the hearth, Keller uses a 
furnace bottom formed of a so-called mixed conductor. As 


! 


V 




Fio. 1 14. 

seen in the illustration this bottom consists of a water-cooled 
iron plate over the whole surface of which are set a number of 
evenly distributed iron rods from one inch to in diameter, 
between which magnesite is rammed. This is, in itself, a fairly 
good conductor. In this way a semi-refractory bottom is formed 
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with a conduction between that of iron and magnesite. Accord- 
ing to Keller’s results such a bottom is practically unmeltable. 
It is questionable whether his electrode arrangement offers any 
advantage over that of Girod. It depends on the durability of 
the furnace hearth in the two cases concerning which only work 
under practically the same conditions can give conclusions. The 
production of heat in the two furnaces is in no way influenced 
by the bottom electrodes. The uniform composition of the 



whole furnace bottom in the case of the Keller furnace will not 
bring about the profitable circulation of the bath found in the 
Girod furnace. 

In this case also the original Girod is to be preferred to the 
newer Keller furnace, provided that the bottom will last as long 
in the first case as in the second. 

Often one finds in the patent papers the endeavor to increase 
the resistance of the bath by means of a suitable shape of hearth, 
and so bring about an additional resistance heating. As an 
example, the Nalhusius furnace may be mentioned. Fig. 115 
gives a section of this furnace taken from the patent papers. It 
shows a number of electrodes of changeable polarity arranged 
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above and below the melted material. In this way the current 
can be forced to flow through and around the molten bath. 
According to the description given with the drawing, the current 
flows first from the upper middle electrode b through the slag 
covering h and the upper layers of the metal bath to the upper 
outer electrodes a and c, second from the lower middle electrode 
c to the lower outer electrodes d and /. In addition, however, 
the current ought to travel from the outer upper electrodes a 
and c to the outer lower steel electrodes d and/, so that the bath 
will be enclosed by heat-producing currents. 

The whole arrangement, as is immediately apparent, repre- 
sents a combination of the H6roult and Girod furnaces. In the 



first place it is presumed that it is possible to heat the bath by 
current led in through electrodes which have a much smaller 
section than that of the bath. This is naturally altogether 
impossible if the electrodes consist of carbon, as is the case with 
those arranged over the bath, which has an excessively high 
resistance in comparison with the fluid metal. In addition it 
can be shown that it is impossible to bring about much heating 
by means of the water-cooled electrodes, for their section in 
proportion to the bath is so small that the higher specific resist- 
ance of the bath can have no important influence. Fig. ii6 
shows the practical arrangement of a Nathusius furnace that 
differs from the drawing in the patent papers because of a 
simpler and therefore better form of hearth. Here a direct 
heating of the bath, by means of tlie bottom electrodes, is not 
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taken into consideration because of the greatly increased section. 
The arrangement of the water-cooled electrodes in the latest 
furnaces differs from Fig. 115, and according to Neumann’s 
report in Stahl und Eisen, 1910, they have a diameter of 8.66", 
and are covered with a layer of 
dolomite 7-87" thick. With the 
passage of the current this layer 
gives off heat, and so much as is 
not carried away through the 
bottom electrodes enters the bath. 

For increasing this bottom heat- 
ing an additional 150 kw. trans- 
former is used for a 5-ton fur- 
nace. Currents of a maximum of 
6000 to 8000 amperes are used, 
that enter the bath from each 
carbon electrode, when a three 
phase no volt current is em- Fig. 117 . 

ployed amounting to about 2500 

amperes. The direct heating of a metal bath it. 8" deep and 
about 78.74" diameter is altogether impossible with these 

currents. It is therefore also im- 
possible with the present arrange- 
ment of the furnace to use the 
bottom heating alone, although 
this is advanced as a special ad- 
vantage of the furnace in question. 

After all, the small advantage 
that the bottom heating may bring 
about must be looked upon as 
Fig. 118. dearly purchased when it is con- 

sidered that the Nathusius furnace 
shows a much more complicated construction than the H6roult 
or Girod alone, and uses practically the same method of heat- 
ing. Moreover, it has more electrodes than the simpler older 
furnaces and therefore has greater heat losses. In addition 
six conductors are used for the current as compared with three 
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for the Heroult furnace. Apart from this the method of con- 
struction does not appear as good as that of either the Heroult 
or Girod furnaces. 

In the sphere of induction furnaces one constant endeavor 
appears to be the production of greater movement in the bath 
of metal. Most of the proposals show an ignorance of the 
principles of the induction furnace, for otherwise the designers 
would know that in these furnaces a completely satisfactory 
mixing of the whole molten material is produced by the electric 
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and magnetic conditions themselves. We can, therefore, leave 
out of consideration all the proposed furnaces that make use of 
inclined channels of small section through which the hotter 
material ought to rise, while the colder should descend. Such 
an arrangement proposed by Gin is shown in Fig. 117. 

The Schneider-Creusot induction furnace, of which a section 
is given in Fig. 118, is worthy of notice. This furnace, however, 
has not been improved since it was first designed. Like the 
Gin furnace mentioned above, and which appeared much later, 
it shows an induction channel with several hearth-like widenings. 
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All such constructions of induction furnaces have the disadvan- 
tage that extremely high temperatures must be produced in the 
narrow channels if the material in the hearths is to be kept hot 
enough. This brings about a very energetic attack on the lining 
at these places, and as a result high maintenance costs and 
frequent delays in the working of the furnace with the Schneider- 
Creusot furnace refining is only carried out in the hearth A, and 
the remaining metal is kept free from slag. The use of the 
small hearth B is therefore not apparent. The arrangement 
of 'the furnace cannot be called simple. With this furnace also 
great value is laid on the increase of movement in the bath due 
to the great differences in section, and this appears reasonable. 
For obtaining this circulation the furnace is built on three 
columns, two of which allow a rise or fall in the furnace, so that 
during the operation the heating channels or pipes can be in- 
clined at a sharp angle. 

The furnace at the Creusot Works is arranged for a one- 
ton charge. 

Other types of induction furnaces endeavor to increase the 
resistance of the bath, and so bring about an improvement in 
the power factor. The proposal of Grdnwall, which is shown in 
Fig. 1 1 9, may serve as an example. We see here the ordinary 
channel of the induction furnace, greatly elongated on one side. 
This arrangement naturally brings about a considerable increase 
in the resistance of the bath, but it has the disadvantage of 
causing very great radiation losses. Further, it is impossible, 
according to metallurgical practise, to maintain the division 
wall that is necessary between the two parallel parts of the 
hearth, because no refractory material is known that will resist 
an intense heating from both sides. Further, it may be men- 
tioned that such a furnace can only be used for the melting of 
pure materials, for work with slags cannot be carried out even 
to the small extent possible in the purely ring-shaped furnaces. 
This proposal, also, has not yet passed the experimental stage. 

Roberston, in the November, 1911, issue of the Metallurgical 
and Chemical Engineering, writes of the Grdnwall two phase arc 
furnace. This furnace is the invention of Grdnwall, Lindblad 
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& Stalhane. Having originally worked with various types of 
induction furnaces without great success they decided to design 
an arc furnace. This furnace operates with two phase current, 
having two vertical carbons passing through the roof, each one 
to a phase. Sec Fig. 1 1 ga. The current arcs from the electrodes 
to the charge, passing through this and then through the basic 
lining at the centre of the hearth bottom, to the neutral return 
which is a carbon block hxed in the bottom of the furnace. The 

top of this bottom electrode 
comes level with the brick- 
work so that it does not 
project into or in any way 
weaken the basic Kning. 
The hearth of the furnace 
therefore is not broken by 
any projections. The fur- 
nace has three doors, one at 
each end and one at the 
spout. Either hand or 
automatic regulation is pro- 
vided for the electrodes. 
This furnace is of the tilting variety, being mounted in curved 
rails, tleat regulation is obtained by varying the voltage of a 
special regulating transformer. The normal working voltage 
is 55, no and 220 and 10% tap voltages. 

As each phase of a two phase circuit is connected to one of 
the vertical electrodes the arcs are independently formed, so that 
if one arc is broken the other remains. This insures steadier 
running than if both arcs were in series as in the H^roult furnace. 
The arrangement of two arcs operating in parallel with a neutral 
return through the bottom produces a vertical as well as a 
horizontal circulation in the metal bath, slightly different from 
that in a Girod furnace. 

The Greaves-Etchells electric furnace is described by the 
inventors as being of the arc resistance type, and that it com- 
bines the advantages of both direct arc and resistance heating. 
It was first introduced by two engineers and metallurgists, 
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Greaves and Etchells, of Sheffield, England, in 1915. 
the aim of the inventors to produce a furnace which wo 
the following conditions: 

1. A system which should be applicable to any po] 
supply system, especially those of high frequency, and 
should maintain a steadier phase balance, and higher 
factor. 

2. The generation of heat in such a manner that it 'v 
plied as directly as possible to the metal in the furnace, £ 
not superheat the slag and various portions of. the linin 
than was essential to maintain the metallurgical cor 
necessary for refining steel. 

3. Rapid melting and uniform heating of the charge. 

4. Automatic circulation of metal— giving uniform qu 
steel— and avoiding use of stirrers and rabbling. 

5. The construction of the furnace, which should 
from obvious mechanical defects. 

In order to obtain an even temperature through the 1 
molten metal in the electric furnace, the inventors belie’ 
heat must be applied below, as well as above, the bai 
order to effect this, the hearth of the furnace is special 
structed. 

The hearth lining is never less than 500 millimete 
inches) thick, and is constructed mainly of dolomite, maj 
and other materials, in such a manner that it is belie\ 
electrical resistance is high at the inside of the bath in prc 
to the charge and decreases rapidly to a negligent qi 
at the outside. (The details of the bottom construction 
divulged.) 

Two phases of the 3-phase low-tension supply are cor 
to their respective upper graphite or carbon electrode: 
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We quote again from the inventors, “The effect of this bottom 
heating is to cause 'convection currents’ in the molten metal, 
which ensure a constant circulation of a uniform product. The 
outside of the furnace bottom remains cold, little or no heat 
being lost in this direction.” 

The system of transformer ratios is arranged so as to give a 
perfect balance when the upper electrodes are in equal adjust- 
ment. The high - tension 
electric supply is transformed 
by means of a delta-star 
connection (see Fig. 1195). 

The transformer connec- 
tions are such that the short- 
circuit current of one elec- 
trode must traverse two 
transformers in series and 
in different phase, which 
automatically lowers the 
power factor momentarily, 
and has a cushion effect; 
the fact that there is always 
a permanent resistance in 
the path of the current 
through the hearth also limits the effect of the short circuits. 
The combination of these factors provides another means 
devised for protecting the electrical system from shock, 
while allowing a high-power factor to be obtained on normal 
load, which averages 90 to 94%. Automatic electrode regula- 
tors maintain the current at predetermined figures. Motor 
and hand regulation are also provided. Arrangements are pro- 
vided for varying the voltages across the arcs and the ratio of 




2 ()<S klkctrk: furnai'ics in tiik iron and htricl ini 


Fig. 119c shows the general <lesign of the furnaa 
to 30-ton size. They are mounted on rockers oi)eri 
electric motor at the rear of the furnace. There ai 
and slagging spouts and a charging iloor. (See Fig. 

The mechanically operate! 1 electrodes are carried I 
jib arms to winch control. The whole hearth of the 
connected to a third transformer winding; the three t 

windings art 
in star whil 
marics are 
'Fhe bottom < 
the furnace : 
ncctctl to I 
that the sta 
the transfer 
is above the 
tential. As 
the figure, 
furnaces and 
now opera tet 
electrodes. 

Diagrammatically the electrical equipment is cq 
two individual parts of a smaller furnace. Each pair c 
with their respective transformers can be switched ii 
enabling one pair of electrodes to be kei>t in oper 
adjustments are made on the other pair. I'he tot 
of the furnace is limited somewhat by this device, b 
half of the furnace trips its particular switch wh< 
pair of electrodes becomes overloaded. 

It is claimed that due to “convection current 
mentioned, there is a very rapid refining because 

m + n 
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charge. With acid-lined bottoms these figures 
improved. 

It is stated by a company operating this type of 
another arc furnace of prominent make, that “ 
kw.-hr. consumption per ton of steel produced in 
(a 3-ton Greaves-Etchells) is comparable to the 
secured in a 6- ton of the other make.” 

The makers of the Greaves-Etchells electric fun 
Electric Furnace Construction 
Co., of Philadelphia, Pa., and 
T. H. Watson & Co., Ltd., 

Sheffield, England. 

An adaptation of the orig- 
inal (1878) Siemens single- 
phase bottom electrode type 
of furnace has reappeared for 
a brief time in a form known 
as the Snyder. This furnace 
has a unique type of plug door, 
shown in the cut, see Fig. 119c?. 

It is very tight, but has the 
disadvantage of not being Fig- ii 9 

able to rabble off slag without 
opening the entire door. The furnace uses a graph: 
— diameter for a i-ton using 600 KVA, at 
factor — about 120 to 150 volts at the arc; 
per square inch is high, but as long as the fur 
very tight during operation, the graphite ele 
sumption is below 6 lb. per net ton of metal meltec 
from an acid bottom, as the majority of these 
operated. Owing to the very high power employee 

fiTP nnciciKIp with arid rpfra rf nnVd tbrmicrhniit. If 
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the brick work. Owing to the unpopular single phase w 
central station managers, together with the low power 



Fig. n9e. 


6o%, and the difficulty always present of burning out t 
tom electrode, not to mention the most violent electrical 
always present, this 
type of furnace gradu- 
ally, again, took itself 
off the market, in the 
steel industry. 

Following this 
single-phase furnace 
came the polyi:)hase 
Snyder operating 2- 



are therefore no longer under the furnace but one side instead. 

Another feature of this furnace is a hinged roof which can 
be swung back quickly for an equally quick charging from a 



Fig. iiQg. 


specially designed bucket. This latest design, as can be seen 
from Fig. iigf, has but one set of parts for tilting the furnace, 
and also the roof when it is slid back for charging; see also 
Fig. iigg. 

An interesting thing which has been tried by a user of this 
furnace is the preheating of the steel scrap to about an annealing 
temperature, the metal being charged while it is still in its 
solid condition. This necessitated 94.6 liters (25 U. S. gallons) 
of fuel oil and saved 180 kw.-hrs. per metric ton with an acid- 
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lined furnace. Even if the combined cost of the fuel oi 
handling is the same as electricity saved, the process h 
nomical, as it increases the output about and cul 

time per heat down to a little over an hour. Besides t 
lessens the electrode consumption, the refractory and 
cost per ton of output. It will be interesting to, know la 
what the saving is with a similar method with a basic 
furnace. Such preheating as this was long ago propos( 
Professor Joseph W. Richards, but this is the first instan 
know of where it has been used in conjunction with an el 
furnace; and with the constantly rising price of electric 
certain sections, it is expected that this economical m 
will come into being more and more, especially considerir 
small outlay for preheating the scrap to be charged. 

The Greene arc furnace made its appearance on the I 
Coast during the Great War. 'Phose built so far have i\ 
bottom electrode and upper carbon or graphite electrod 
principle the furnace is therefore of the original Siemens t} 

Some later models operate with 2-i)hase current, alsc 
ing a steel bottom contact and two top electrodes of c 
coming vertically through the roof. 

The latest models are also built in the shape of a 
lying on its side; in form, much like an earlier Rcnnerfelt r 
The electrodes are regulated only by hand, so far, alt 
automatic electrode control can be attached. The fi 
has been made from R> 2>^-ton sizes per heat, and is 
times operated with an acid bottom. 

The statistics of this furnace can be seen on another 
It is handled by the Greene Electric Furnace Co., of S( 
Washington. 

Naturally there have been many attempts to combir 
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ling-Rodenhauser furnaces has shown the incorrectiK 
reasoning.) In Fig. 120 we sec the channel of an indi 
nace broken by a division wall, which is bridged by 
shaped electrode. This electrode 
should only just touch in the slag, 
and bring it to a very high tempera- 
ture. This shows a complete ignor- 
ance of the probabilities. The un- 
mistakable result of the proposed 
method of working would be a com- 
plete freezing up of the metal in 
• the channel on the opposite sides 
of the electrodes. It would be im- 
possible to introduce sufheient cur- 
rent into the bath through the elec- 
trode with which to produce heat 
enough, by overcoming the bath re- 
sistance, to keep the metal fluid. 

Even so, Biorth says that he does not consider th 
construction to be valueless, still we do not find th 

used this method in 
commercial furnace ’ 



Fig. i; 





has constructed, which 
in side elevation by 
This is a purely indue 
of furnace with the 
winding in flat spools 
the arrangement alre 
posed by de Ferranti 
again by Frick, excep 
Biorth coils both leg 



meiung me purest outamaDie oweaisn j^axiiiemora pig-iron 
Dannemora Walloon iron. Yellowish- white blast-furnace 
was being used as a flux. The contents of the furnace 1 
5 tons, 3 tons were poured at a time and 2 tons left in to star 
next charge. The details of a heat run-off are then given, vt 
are here omitted. We quote further: 

‘^Assuming 300 calories necessary to melt i kg. of steel 
thermal efiiciency of this melting operation is 55% and 
furnace radiation loss calculates out 180 kw. at this tempera 



It was stated that it took about 170 kw. to keep the cl 
melted when the furnace was kept up to heat overnight.” 

The power factor varied from .80 at the beginning oJ 
run to .57% at the end, when the metal in furnace was 5.77 
and at casting temperature. Current used averaged 395 
for 6 hours, or 790 kw.-hrs. per ton of steel. As low as 
kw.-hrs. has been reached in this 5-ton furnace on cold u 
rials. This furnace operates at 12^/2 cycles, 400 to 500 k-^ 
250 volts single phase. 

The Moore electric furnace made its appearance during ; 
It is a 3 -phase arc furnace having 3 vertical electrodes set ii 
form of an equilateral triangle, placed symmetrically o\ 
circular hearth, at first glance resembling the H^roult fun 
(See Fig. 1216.) 
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It differs in its electrical connections somewhat, as 
arranged, according to the inventor, “so as to allow an a 
amount of power to be carried to the charge through th 
bottom : an amount of power sujSicient to produce a c: 
and stirring of the bath, resulting in a more rapid refin: 
steel and better mixing of alloys; at the same time, th^ 
of power transmitted through the bottom is limited : 
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manner as not to in any way injure or shorten the 1 
bottom.” 

Fig. i 2 ia shows the low-tension switch which is clc 
it is desired to have the current flowing through the 
By means of a multiplicity of series, parallel and 
connections a number of voltages can be produced ai 
This causes a rather elaborate system of high-tensi( 
in the transformer room. The bottom switch, lettin 
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.contact immediately upon its touching the charge.” 
course after the basic bottom is once thoroughly hot. 

The furnace is more highly powered than some othe 
i.e., looo KVA at 40*^ C. rise in transformers for a g-ti 
is an example. It has a wide backward tilting angL 
the slag to be removed easily. Special attention has 
to the ready renewal of the refractories. Records of 
acid-bottom furnaces have been established at 700 n 
per month, and a roof lining for 300 heats, the avera^ 
consumption being 560 kw.-hrs. for a “net ton” 
equalling 616 kw.-hrs. per metric ton. 

Either graphite or carbon electrodes can be i 
making ingot steel the furnace is operated basic. . 
electrode regulation is furnished on all but the smalles 
It is made in 3-, 6-, and 12-ton sizes, and smaller 
desired. Fig. i2ih shows a 3 -ton furnace. 

This furnace is handled by the Pittsburg Fui 
Milwaukee, Wisconsin. 

The Booth-Hall arc furnace also made its appearai 
the war just passed. It belongs to those having a c 
refractory hearth, when conditions permit, with a bas: 

and, when opera tii 
acid bottom, whicl 
comes conducting 
tricity with diffi< 
course is had to ar 
electrode, making 
all for a 2-pha 
system. The elec 
nection is as sho\* 
121^7. Until the ba 
becomes conducting, the third or auxiliary electrode, 



I 


in refining work, producing a more uniform steel, and 
steels are to be made, largely prevents segregation.” 

In the light of this claim, it must not be forgotter 
far the greater majority of qua 
other electric steels to-day are nii 
electric furnaces having a solid ar 
conducting bottom, and it has } 
shown that any poor steel is made i: 
arc furnaces, just because the bot 
solid and the currents passing thr 
bath only go through the upper por 
haps, instead of diagonally through tl 
steel from the arc, and thus through the refractory bo 
out. Fig. 12 1 e shows a 3-ton Booth-Hall furnace. 



Two Phase 

Fig. i 2 \ d. 
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Furthermore, it is to be remembered that with an a 
tom furnace of this type, when a bottom is practical 
conducting and consequently no cross currents in the 
bath, good steel is made nevertheless with selected sci 
the inventors by no means admit that their acid steel is 
to their basic I 

When operating acid with the auxiliary electroi 
latter is supposed to be either touching the cold scrap 
ping in the slag all the time, so that no arc results fr 
electrode, and hence the two arcs are not in series. Th( 
particular technical advantage in this, but it avoids 
interference. 

One of these furnaces of i.i8 metric tons (2600 lbs. i 
pois), having 600 KVA in transformers behind it, is 
heats on a basic bottom without any particular effor 
fining, and when melting steel scrap regularly, in tw^ 
is averaging 600 kw. hrs. for .908 metric tons (2000 Ibi 
responding to 660 kw. hrs. per metric ton. This was mj 
a one-month period, allowing for shut-downs at night, 
of this are given hereunder, and also of the 3 -ton basic 
of this t3q)e having 1200 KVA feeding it. 

Operation of Booth-Hall Basic. Bottom Furnace 
1. 18 Kg. (2600 Lbs.) Capacity — 600 KVA — February, 191 

Total number of heats 

Total working [days 

Average heats per working day 

Total charge (lbs., 294,640) (kg.) 

Average charge per heat (lbs., 2540) (kg.) 

Total charge (net tons, 147.3) metric tons 

Average daily output (net tons, 5.45) metric tons 

Total kilowatt hours 

Average kilowatt hours (per net ton, 2000 lbs. avoirdupois = 600) 
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Operation of Booth-IIall Basic Bottom Furnace 


3-Ton Capacity— 1200 KVA 




Analysis 





Total 

Power 

Heat 

No. 

C. 

Mn. 

Si. 

p. s. 

of Heat 

Lbs, 

Kk. 

Power 

KWH. 

per Ton 
KWH. 

427 

.24 

.56 

.30 

Under .05 

Hrw. Min. 

1-55 

6o<x) 

2722 

1640 

Net 

547 

Metric 

603 

428 

.20 

.70 

.30 

Under .05 

1-45 

6000 

2722 

1500 

500 

550 

432 

.29 

.60 

•35 

Under .05 

2~0() 

6000 

2722 

1 700 

597 

625 

433 

•31 

.67 

.28 

Under .05 

1-50 

6000 

2722 

1460 

487 

537 

434 

•30 

.60 

.22 

Under .05 

1-50 

6000 

2722 

1520 

507 

558 

437 

.24 

.56 

•32 

Under .05 

2-05 

6000 

2722 

1600 

533 

588 

438 

.22 

.61 

.28 

Under .05 

1-35 

5000 

2268 

1340 

536 

592 

439 

•23 

•54 

.29 

Under .05 

1-55 

6000 

2722 

1450 

483 

533 

440 

.27 

•59 

.30 

Under .05 

I “20 

4000 

1815 

1120 

560 

617 


An electric steel furnace of new design, which has recently 
been put in operation, has certain features which distinguish it 
from some of the more familiar types. The furnace is known 
as the Vom Baur electric furnace. 

A 6-ton unit of this new furnace was started in February, 1919, 
since which time others have followed both here and abroad. 

It seems that very soon after electric furnaces in the iron 
and steel industry were placed in commercial operation in the 
United States, some thirteen years ago, it became evident that 
one of the limits of its possibilities depended on the life of the re- 
fractories. All kinds and types of electric furnaces have to take 
care of this item much more than any open-hearth furnace. 
The experience of many electric furnace operators and designers 
has been of this nature. The simplest refractories of any arc 
furnace are those of the single phase, single electrode t3q5e, 
with a bottom electrode, when this has a round hearth and the 
carbon electrode at its center. It is evident that the heat at 
the inner contour of the side walls and of the slag line of this 

r 1.1 
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sizes is not popular with central station managers, it is s 
seen to-day in the newer installations, polyphase furnace 
ing almost exclusively taken their place. 

At first, on account of the many advantages of the pol} 
furnace, compared to the single-iihase, the refractory feat 
above mentioned did not receive the attention it deservec 
the appearance of the Vom Baur electric furnace, whicl 
with its three electrodes, 3-i)hase 3-wire, or 2-phase 3-wij 
same good heat distribution as the simple single-phase fu 



This good heat distribution in the Vom Baur furnace 
complished by the combination of [)Iacing three electrode 
straight line. The contour of the inner refractories can 
be ascertained so as to give a curve to the refractories 
is correct, so that the heat at the slag line, at the side 
and at the hearth banks is the same, thus assuring among < 

„r ; 1- 1 


GENERAL REVIEW 


result of the radiated heat reaching points on the r 
from the three electrodes. With 2 -phase . thcoret: 
central electrode would have 41% more heat than eit 
end electrodes, but it is not possible to reach this 
practically and maintain the arcs at their best sett 
current at the central electrode is therefore diminishc 
eral per cent. Even so, the heat from the central ai 
on an average than from either of the end arcs and, con 
in order to keep the refractories at their proper dist 
metal bath has a larger surface than the furnace woi 
each of the electrodes ever gave off an equal amour 
It is well here to quote Ryan (American Foundrymen 
tion, October, 1918), where he says: “The ideal furr 
which exposes the largest possible surface of the me 
action of the slag without being subject to freezing coi 
any part of the furnace.” With basic operation the 
is that the metal presents a greater slag area for the sam 
As the rate of refining depends not only on the cher 
position of the slag, the heat at the poirit of contac 
the metal and the slag, but also on the amount of s 
gaged between the slag and the metal, it follows tha 
of refining is quicker. 

There is very little poking to be done in this fur: 
melting down cold scrap, as there arc no hot or coL 
the side walls or near the doors. The quick melting 
this furnace, as with all others, depends mostly on the 
transformer capacity which the furnace has. Howev 
furnace has an even heat distribution at the side m 
tories, it is more efficient than the other furnaces 
this feature. Special attention has been given to 
which have water-cooled frames, and which fit ve: 

flilowincr fnr nil AvnanQinn vpt ran Kr HcrVil’mpH 
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meclianisni in such a way that when the furnace has read; 
maximum tilting position and the operating motor shouh 
tinue to run for any reason, the furnace goes back to its n 
position. The tilting mechanism also allows the furna 
tilt slightly backwards some 6 and 7 degrees so that th 
can be taken off at this door instead of from the spout, 
doors are used for charging. See Fig. 12 ig. 

The center of gravity of the furnace is low, as the ! 
part of the standards is no higher than is needed for tl 
travel of the arm holding the electrodes, and as these ha 
upward tilt, the upright standards are still further shor 
For carr3dng the copper cables a much lighter structure is 
all of which can be seen from the illustrations. Either carl 
graphite electrodes can be used and changed quickly; 
hand or automatic electrode control is furnished. The 
shape and turtle-back construction of the roof makes a ! 
construction, standard brick being used throughout for th 
construction, excepting a few special electrode bricks. 

The electrical connections are exceedingly simple, 
merely three sets of cables from the transformers to the 
trodes, and no complication on the high-tension side, 
trically the furnace conditions are satisfactory to the c 
station managers, the power factor being around go% 
the phases not being distorted more than with othe 
furnaces. After continued operation it has been observe( 
the furnace does not bulge at all, this being another indi 
of the even heat distribution already mentioned. 

The furnace is equally well adapted for melting down n 
laneous steel scrap for castings on either its solid ac 
basic bottom, selected scrap for quality and tool steels, 
melting down cast-iron borings, or the like, for use with ; 
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Uiiilecl Stales, C’anada, and elsewhere, this funuu'e h 
])y C. II. Vom Haiir, New 

The Ludlum elc'ctrie furnace has recently mad 
pcarance. It has a solid refractory liotlom, uses j-j) 
rent with 3 electrodes in one line with a charging door 
end of its major axis, and the .spout at one door. It use: 



loti. ui/c. 


electrodes only. Its efticicncy is increased due to the pt 
low roof (wWch, however, has already been raised by r 
steel filler piece, sec Fig. iii h). 

The roof refractories consecjuently do not last a 
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of energy to the furnace at a high rate within the critical limits 
of the refractories, resulting in quick heats and a low power con- 
sumption per ton of metal, besides giving a thorough refining 
by reason of the larger area of contact between slag and the 
steel compared to a round furnace of equal capacity. 

The arrangement of the electrodes, which are connected to 
3-phase system, results in producing an ec^ual amount of heat 
at each electrode; the greater amount of heat in proportion to 
the mass of the bath at the ends compensates for the greater 
radiation at the doors, and results in an even temperature 
at the side walls, makes sintering of the lining easy, reduces the 
danger of the breakage of electrodes and as the maximum space 
for operating rabbles, test spoons, etc., is available without 
coming in contact with the electrodes. 

The entire bath is accessible from the doors, and lining can 
be inspected and easily repaired, thus simplifying the care of 
the bottom and increasing its life. 

The hearth meets the roof with hardly more intervening 
vertical side walls than shown in the picture. Standard shaped 
brick are used in the roof and hearth. 

The arrangement of the electrodes and shape of the bottom 
result in the formation of a little pool which extends to all 
three electrodes, at the time they have cut through the charge. 
This metal protects the bottom refractories from the arcs and 
allows melting from the bottom up without endangering the 
lining. The furnace may be provided with either a basic or 
an acid lining. This furnace is handled by the Ludlum Electric 
Furnace Corp., New York. 

Other proposals consist usually of combinations that in most 
cases would bring about great difficulties in operation, and which 
offer no advantages over the original furnaces. Here belong 
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with an electric furnace has such a high roof, and larg 
surface of bath, that the heat losses when using carbon ( 
even if only for the desulphurizing period, would br 
much too high costs. In these cases it is therefore mv 
to transfer the charge from the open-hearth furnac 
Bessemer, to a special electric furnace by means of a cas 
and to stand the unavoidable heat losses. In this wa 
and better results will be obtained than with any of 
posals mentioned above, and although really seriously 
up to the present has not been successful. 

As a conclusion to this review, which is believed tc 
the most valuable proposals in the different spheres, i 
established that, until the invention of further type 
struction, we have only to deal with those described ir 
the special chapters. These furnaces still show many w 
in comparison with the ideal furnace, yet they show tha 
with the greatest simplicity the ideal has been closely ap; 


CHAPTER XVI 

FINAL CONSIDERATIONS 

The purely technical side of the application of eh 
naces to the iron and steel industry has been considei 
foregoing chapters, so that now something may be 
regard to the economical ciuestions of electric heating.’ 

We have seen already in Chapter I that the devek 
electric furnaces is closely connected with that of ele 
nology. This is still the case when the question as U 
the installation of an electric furnace under certain c 
will be an economic success or not is under discussioi 
indeed, the cost of the electric current, which is th^ 
agent of the electric furnace, is of real influence for tl 
of an electric steel plant. It must be taken into com 
that electricity, in by far the most cases, is much more 
than the ordinary methods of heating, nevertheless tl 
vantage is more than equalized by other advantages. 

In this connection we may quote from Borchers 
before the Verein Deutscher EisenhuUenleute, in 1905. 
reckon the kilogram of carbon in coke at a high price, i 
0.714c., then 1000 kg. calories will cost 0.088c. Vc 
electric power, namely at $9.52 per h.p. year, gives 
calories from 0.167c. to 0.214c. according to the numbei 
ing days. This disadvantage of electric heat product! 
anced by this condition; that the material to be heated, 
this case is the charge itself, accomplishes partly or altoj 
transformation of the electric energy into heat. In 
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In the above example the prit e *>! ptnver taken is very e 
for with S<).52 per h.p. year, am! assiiiiiini^ jck> working tk 
the year, the kw. hour only eosts o.ijKe. Sueh a low : 
is only to be reaehed with the u^e of very suitafjfe water pti 
while it is unattainalile l)y using !>!a^t furnaee gas. provuh‘t: 
the lilast-furnuee gas is nu ktmed at a er>st iorresptjmiing 
heating value. If tins is done then il will usually Itappen 
even with the use td large gas eiigine". the kw. luiur eann 
furnished kivver than to 0.7144*. Still more uiifavt 

are the results if steam is use* I . altlunigli here, alstn progn 
engineering has bnmght abtiut a tonsiant t‘hea|H’ning ii 
price of current. For instanee, in well a t»ii«lii«1ed eeiilral sta 
with the use of large steam tiirhiiies, ii has bec*!i found po 
to produce the kw. hour at alioul c>.|i,n*.. when the ctud 
nut cost more than 0.4 ic. j«.T kw. liuur. Utis is, <if ct 
provided that, the demaml for fwiwer is very itiufonii. am 
from variatioip for tUlirrwise the price per kw, hmir is iner 
considerably, fn this cfiiinectioit vofi in the fu 

(cchnische Zeits^’hriii, p. $i)th npci. gives a figure of i 
the |K>wer being produmi by steam, ami tielrig used for tipei 
a railroad with a very variable load. 

The |)rices given have refereiH'e, almost always, to 
central stations, sucli as largi* iron anil steel plarils. city sta 
etc. With .smaller proiludiig |ilaiits the prii'e of rurreiit nati 
ri.ses considerably. It is therefore reroirtinemlrd that 
I,)lants should almost always be coiiiiecled to some targe r< 
station for their eledric furtiare |M»wer, If the opiairt-un 
there. Such stations tmlay often fiirnisti fsiwer for 0.1)4 
1.428c. im kw, hour, which is a |)rire that cainiol lie re 
In small |X)wer stations, eicept cvitli high iiressiire In 
combustion oil engines. 

We then tlmt the I'lf tyiwer (ttr tin* furittli 
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It requires for the production of: 

Pig iron, direct from ore 2,000 Kw. Ilrs. 

Steel, direct from ore 3, 000 “ 

Steel from cold pig iron 1,500 “ 

Steel from fluid pig iron 1,000-1,200 

Steel from cold pig iron and cold scrap .... 900-1,300 “ 

Steel from malten pig iron and cold scrap . . 6oo~i ,000 “ 

Steel from cold scrap 600 -900 “ 

Refining of molten low carbon steel to make 
special quality steel (with very complete 
chemical purification) crucible steel 

quality 200-300 " 

Refining of molten low carbon steel to ordinary 

electric steel (electric rails) 120 “ 

Retaining pig iron molten for foundry purposes 

(heated mixer) 50 “ 

These values can naturally only serve as rough estimates, 
because the composition of the charge and the finished material 
are absolutely necessary for more exact figures. F urthcr, more or 
less power will be used according to the efllciency of one or the 
other furnace, so that with the same charge and finished product 
different power-consumption figures will be given by two furnaces 
of different types. 

The wide lirnits given for working mixtures of pig iron and 
scrap are necessary because the power consumption is greatly 
dependent on the percentage of pig iron and of scrap used, more 
being necessary with an increase of pig iron. Further details 
on these points are given in the second part of the book. 

From what has been said it is apparent that the price of 
current becomes more of a determining factor (for the efficiency 
or non-efficiency of electric furnace operation), according to how 
many of the metallurgical processes necessary for changing ore 
to steel are carried out in the electric furnace. For instance, 

fluid m/afcil frAm a Ar rfb fiirnfiAA ic 
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today have certain special advantages. Unfortunatel 
type of furnace has also certain disadvantages. These 
vantages are so closely connected with the methods of 1 
that they must be allowed for. If electric steel prodm 
entered into today one of the e.Kisting furnaces must be 
and its advantages and disadvantages purchased togetl 
is therefore not without interest to see how widely (list 
the various types have bec'ome up to date. 1110 fc 
statistical tabk‘s date ui> to July, ipit). 

The tal)les show that the more important furnaca 
have already liecome so wide-spread that they must be cor 
to have passtal the experimental stage. At the same ti 
electric furnace has shown that it is of ('onsiderable ec 
importance liecause it has enabled the production 
very best finished steel from loio priced material. Until r 
purest and therefore the dearest raw materials were ne 
for this purpose. 1lie tables clearly show that this great 
mic advantage of the electric furnace is becoming know 
and more. 

When we realize that the Stassano, Heroult, and 
furnac'es were first brought out in i()oo, and the (lir 
Rdchling-Rodenhauser in i(p6 and 1907, the wdde spre 
tribution of thi‘se furnaces takes on greater importance 
quickly this distribution increases is also shown by the Ijs 
in addition to 895 furna(x*s contracted, all but 80 
operation. 

Tt maybe concluded by pointing out that the electric 
is already firmly established in the iron and steel indust 
the present development of electric furnac'e plants h 
very rapid, and that an important future is assured. 


:racted 
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Par t Two 


A. THE MATERIALS USED IN FURNACE CONSTRU 
AND THE COSTS OF OPERATION 

THE MATERIALS USKI) IN FURNACE CONSTRL 
By Dipl. Ino. W. Rodeniiausek, E.E. 

It has already been pointed out several times that 
advantage of the electric furnace over other metii 
furnaces is that it enables the generation of desira 
temperatures. Generally speaking this i)t)ssibility is n 
of, and work is carried but at higher temperatures tha 
fired furnaces. On this account, therefore, it is imn 
apparent that the materials used for furnace cons 
especially those parts in contact with the highly heatec 
have to meet particularly high reciuirements. Mistak< 
choice of these materials can very quickly bring about 
in the working of the furnace and, under certain condit 
completely stop the operation. 

During the discussion of the different furnaces the i 
at present used for their construction were mentione< 
still aiqiears advantageous in the following pages to tr 
materials as a whole, and with B|>ecial regard to the ct>nc 
service. 

The first requirement to be demanded is resiskm 
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point, with increasing temperatures, is carefully observed. The 
following table gives the comparison between degrees Centigrade 
and Seger cone numbers. 


No. 

Temp. 

No. 

Temp. 

No. 

Temp. 

No. 

Temp. 

022 

600 

07a 

960 

9 

1,280 

29 

1,650 

021 

650 

06a 

980 

10 

1,300 

30 

1,670 

020 

670 

05a 

1,000 

11 

1,320 

31 

1,690 

019 

690 

04a 

1,020 

12 

1.350 

32 

1,710 

018 

710 

03a 

1,040 

13 

1,380 

33 

1,730 

017 

730 

02a 

1,060 

14 

1,410 j 

34 

1,750 

016 

750 

oia 

1,080 

15 

1,435 * 

35 

1,770 

015a 

790 

I a 

1,100 

16 

1,460 

36 

1,790 

014a 

815 

2a 

1,120 

17 

1,480 i 

37 

1,825 

013a 

835 

3a 

1,140 

18 

1,500 I 

38 

1,850 

012a 

855 

4a 

1,160 

19 

1,520 ! 

39 

1,880 

oiia 

880 

5a 

1,180 

20 

1,530 

40 

1,920 

oioa 

900 

6a 

1,200 

26 

1,580 

41 

1,960 

09a 

920 

7 

1,230 

27 

1,610 i 

42 

2,000 

08a 

940 

8 

1,250 

28 

1,630 j 




A material is called refractory if its softening point lies about 
No. 26, and very refractory if the latter is between 30 and 36. 

Without going further into the properties which influence 
the refractoriness of the furnace materials, we will learn the 
require ents they have to meet. 

The first consideration is that in electric furnaces the materials 
are exposed not only to high temperatures, but also to chemical 
influences. Naturally the results of these influences must be 
felt as little as possible. We can give as the second requirement 
^reat resistance to chemical inflmnces. Unfortunately these 
harmful influences cannot be altogether prevented, and it is 
necessary to reduce them as much’ as possible. This is partially 
brought about by having the greatest possible density and 



fluences due to movements of the electric furnace. 

The appearance of cracks in the furnace walls lead to 
same bad results as the use of porous material, for they £ 
the harmful chemical influences to penetrate very deep, 
offer a large surface for attack. This, therefore, brings a 
the requirements of the ability to withstand the influem 
changes of temperature. These cracks are due to variations ir 
temperature, which bring about expansion and contractio 
the materials used. 

The requirements for the materials for furnace constru( 
are therefore: 

1. Ability to stand high temperatures. 

2. Resistance against chemical influences. 

3. Great density and mechanical strength. 

4. Permanence of form under changes of temperature. 

The materials to be considered are as follows, each of -w 

will be taken up separately in the light of the above requiremi 

1. “Schamotte” or fire-clay bricks. 

2. Acid or silica bricks. 

3. Half ‘‘Schamotte” or half-silica bricks. 

4. Carbon bricks and carbon mixtures for ramming into p 

5. Basic bricks and basic material for ramming into pla- 

6. Zirconia* bricks. 7. Mortar. 

“ Schamotte ” fire bricks are made from burnt fire 
known as Schamotte or Chamotte, to which unburnt cl 
added as a binding material. The clay shrinks more 01 
during the burning. The Schamotte must therefore be I 
as thoroughly as possible. The more Schamotte in propo 
to clay is used in the brick mixture, the less is a strong shrir 
to be feared. Moreover, the shrinkage can be partially nei 
ized by adding quartz or quartzite which expand during he 
to the mixture. 

Under all conditions the shrinkage of the “Scham( 
brick is to be most carefully kept in mind, because, for exai 

*See “The Use of Zirconia as a Refractory Material,” by Audley: ] 
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the use of this material in furnace roofs would be disastrou 
As opposed to the “Dinas” silica bricks, which will shortly b 
described, these fire-bricks have the advantage that they are no 
so sensitive to changes of temperature, and this advantage i 
more marked the less unburnt clay is used in the mixture. 

Their chief importance in electric furnace work is for hea 
insulation purposes, and they arc used in this way, for e.xampk 
in the induction furnaces. For furnace roofs they are onl 
applicable if the temperature attained is not very high, an 
therefore at the most can be used only for induction furnaces. 

Acid or silica bricks are greatly used in electric furnaces fc 
roofs. They are very rich in silica, and are made from quartzit 
with 95 to 99% silica, and ought to have at least 95% whe: 
finished. They are known to the trade as English “Dinas” 0 
Lime Dinas bricks. For the Lime Dinas liricks an addition c 
I to 2% of lime is used as a binding agent, usually in the form c 
cream of lime. If clay is used instead of lime the quality is no 
quite so .good, the bricks containing 80 to 90% silica, and bein 
known as Clay Dinas or German Dinas bricks. 

As has been mentioned, these bricks expand considerabl 
with increasing temperature. This is less noticeable in brick 
made from certain quartzites, but is unavoidable even with th 
best materials. Their greatest use is for the roofs of furnace 
with high roof temperatures, such as all the arc furnaces hav( 
and because of their expansion with heat a very flat roof can b 
maintained. Unfortunately these bricks are very sensitive t 
changes of temperature, and offer only small resistance to th 
action of slags. ' They arc therefore practically restricted to roc 
and side-wall construction. 

The half Schamotte or half silica bricks are between th 
two kinds of brick just described. They consist of a mixture c 
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so-called “carborundum” brick, is used in the arches o' 
doors, and for the supports for these doors to just abc 
slag line, with good results. These brick are very exp 
costing usually 15 to 20 times as much as silica brick, 
carbide is a product of the electric furnace. When brii 
made of it, the mass is crushed to small particles, mixe 
a binder, and the best grades again burned in an electric ] 
furnace. Zirconia bricks are used in side walls. Their 
initial cost than magnesite is more than offset by the 
melting-point resistance to slags, low thermal conductivity, 
pension value, giving increased production, and higher efii 

Basic bricks and materials, however, are so importa; 
they are used largely for the hearths and walls of electri 
making furnaces. They include chrome iron ore, or ch 
dolomite, and magnesite. 

Of these materials chromite is not used in Germa] 
has the disadvantage that if it comes in direct contact w 
metal it is rapidly destroyed, and influences the bath 
unwished-for and harmful way. 

Dolomite is finding increasingly large application, 
limestone with a large percentage of magnesia, CaCOa ] 
and is found in large amounts in Thiiringen and Loth 
and in various parts of the United States. Its greatest 
the iron and steel industry is as a lining for the basic Be 
converter for which it is prepared in so-called dolomite 
The method of preparation may be briefly described : 

The raw dolomite is either broken by hand, or crus] 
pieces about the size of one’s fist. These pieces are ther 
in a shaft furnace to a clinker. The amount of coke ne< 
is from 20% to 30% of that of the raw stone. After burni 
clinker is ground in a suitable mill, the largest pieces bei 
more than 10 mm. (0.4") diameter. The ground doloi 
then mixed with about 7 to 10% of hot dry tar, on a mod 
heated floor. This mixing is carried out either by hanc 
a chili mfll, or suitable mixing machine, which is so const 
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that the material can be heated. Careful attention n 
paid to the preparation of the tar if the basic dolomite-t 
ture is to have the best properties. The crude tar is disi 
special apparatus at 240-280° C., and is freed in this w£ 
the ammonia water and light oils. It must be mention 
the burnt dolomite, because of its large lime contents, 
absorbs moisture from the air and falls to powder. It 
therefore, be used as soon after its preparation as possible 
applicable to the making of bricks, or for ramming int 
Magnesite, as well as dolomite, is finding an incri 
large use for those parts of the furnace in direct contact \ 
charge, and indeed for all those parts exposed to specia] 
temperatures. It has an advantage over dolomite in th 
more neutral in character. When mined it has a meltin 
about equal to Seger cone, No. 42. As it shrinks a gre 
when heated, it must, before using, be burnt so thorougl 
it is sintered. For this a temperature of about 1700 
necessary, and the~Sp. Gr. rises from 3.19 to 3.65. If the 
site is to be used direct, it is mixed with tar, like the dolom 
rammed into place. If, however, it is to be made into br: 
tar is used. The finely powdered magnesite is forced int 
by the use of very high hydraulic pressure, and then agair 
Apart from its greater neutrality magnesite has the 
advantage over dolomite that it is not so sensitive to the 
of moisture, and when burnt to sinter can be kept in 
without fear of spoiling. On account of its great densit; 
ever, it easily cracks when subjected to changes of tempe 
but does not shrink very much with increasing temperati 
because of this is being used sometimes for furnace roof 
When building electric furnaces a suitable mortar n 
used. Here again permanence of form under changes of te 
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construction, using basic mortar with basic materials, i 
ivith acid. 'Thus with dolomite bricks either tar alone 
or tar mixed with dolomite as a binding material, wl 
magnesite bricks powdered magnesite is used mixed eit 
tar or a little hydrochloric acid. With other than has 
work a certain amount of quartz or white silica sand it 
mixed with the mortar, an excess of clay being avoi( 
care again being taken to have tight joints. 

Reconsidering the materials of construction, we see t' 
of them possesses completely the (qualities that have b( 
tinned, so that they must be carefully chosen and u: 
proper regard to their projicrties. I'his leads us to a p( 
must not be left without attention. It is that, under t 
ence of other materials at high temperatures, certaii 
torics (juickly break down. I'he following rule must lx 
observed: In the presence of basic injhienccs use basic t 
and with acid injluences use acid materials, llierefo 
furnace in which the l)asic process is to be carried oi 
materials must be used completely or at least in the 
where the temperature is high enough for one materii 
on the other. On the other hand, in the Heroult ar 
furnaces the hearth is basic but the roof is of silica brick 
is only possible when no danger of fusion is to be fearc 
junction of the two materials. It should be remembe 
quartz and clay, or mixtures of the two, so greatly 1< 
melting points of dolomite or magnesite as to bring th 
Seger cone 17 to ii, which would naturally lead to t 
destruction of any electric furnace if it took place. 

The extremely harmful occurrences mentioned here 
prevented, either by the use of basic material exclus 
else the contact between the acid roof and basic heai 
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mass. In this way the hearth is made denser, and offers greater 
resistance to the influence of the metal and slags. Naturally 
only the smallest amount of flux necessary must be used in order 
not to reduce the melting point too much. 

In the design of electric furnaces the properties of the mate- 
rials to be employed should be carefully kept in mind. In the 
first place the side walls ought to be of such a shape that, after 
a charge or a short run, repairing can be carried out. This is 
necessary because of the unavoidable action of the slag on the 
lining. This is completely possible at present only in that fur- 
nace which is patterned after the open hearth, except for the 
rectangular shape. All furnaces allow a certain amount of re- 
lining, with even the vertical or almost vertical walls it is 
easily possible to keep these longer than 3 to 4 weeks. After 
this time a new one is necessary, equally with the Heroult, 
Girod, or Rdchling-Rodenhauser. Notwithstanding this, the 
previous discussions on costs of operation have shown that 
the lining costs of the Heroult and Rochling-Rodenhauser are 
about the same. This is because quicker roof destruction in 
the arc is counterbalanced by the bottom renewal of the induc- 
tion furnace. 

. It is because of these considerations that the Stassano and 
Girod furnaces do not have such good lining costs as the H6roult 
and Rochling-Rodenhauser. In case bricks are not used the 
new hearth is sometimes made up of hot magnesite or dolomite 
mixture rammed into place. If this work has been carried out 
by hand it can be more profitably done by means of compressed 
air hammers which are sold by all the firms making compressed- 
air tools. Air at a pressure of about six atmospheres is used. 
These tools bring about a great saving in labor, and have the 
advantage that they also give a much denser and more solid 

ViMrth than hand ram-miner "NTafiirallv if diirh a linincr i<? b<^afe>d 
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In all arc furnaces the roof is made removable, fo 
are not possible during the operation. In this way a 
can easily and (juickly l)e put into place. As the bri 
for the roofs are sensitive to changes of temperature, 
dent that there will l)e more danger the more wat( 
openings there are through which tt) pass electrodes, 
superior basic bottom material, consisting of about 8; 
and 13% FeO sintered together, has lieen brought ou 
C'oplay Cement Co., ("oplay, Pa., U. S. A. 'Fhis ler 
even better than magnesite for patching basic bottor 
ing no flux to make it set. Bottoms are also burned 
the arc only, layer by layer, without using flux, whi( 
year. Phis material ('an Ik* exposc'd to the wt‘ather wit 
coming hydroscopic'. It sells at a reasonable price per 

THE COS'PS OF OPFRA'IION 

The question of the operating costs of elcctric-s 
pig-iron processes is undoubtedly the most important < 
that of the quality of the produc't. These two (lut'stio: 
fore will determine which types of furnace will advaru 
future, and which will recede. With regard to the (iiui 
generally acknowledged that all the accepted types ol 
furnaces, those considered in detail in the cha|)ters of 
part of the l)ook, will produce steel that will answer all 
ments. However, the possibility is often mentioned 0 
favoralile influence on the (quality of the steel of the 
sarily high temperatures of the arc furnaces. I’his posir 
brought up again and again, and was recently spoke 
Henry M. Howe, Professor of Metallurgy in Colum 
versity (E. ^ M. J., Aug., 

During the past ten years of experience, iqoo-ioio, 
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crucible, particularly in that it has very much close] 
over conditions. You can get in the electric process mu 
controls over the conditions than you can get in the ope 
and very much closer than in the Bessemer.” Dr. 
Richards, disagreeing with Howe on the crucible vs. the 
furnace, says, “You cannot get in the crucible such sla 
wish, you can get only an acid slag, and you cannot ma 
fining slag, whereas in the electric basic, with far inferior : 
you can make a basic slag produce steel substantially 
quality to crucible which is made from much better n 

There remains, therefore, only the question of the c 
costs to determine which type of furnace to adopt and 1 
omy of electric steel production. Calculations of the c 
costs of the different types of furnaces have been publish 
times, so that it would appear very simple to comp£ 
one with the other. This would immediately show w 
would allow the cheapest production of steel, and the 
question of the choice of the most suitable and econom 
of furnace would be solved at one blow. Unfortuna 
method is altogether incapable of giving a view correspc 
the real conditions. The figures that one usually finds p 
are often misleading. However, some of them should 
sidered later, for with proper care they will give mu( 
esting information. 

First we will see which factors are of importance 
encing the operating costs. They arc briefly; i. Th 
rials charged. 2. The loss during the operation. 3. 1 
sumption and price of the current. 4. The fluxes. 5 . 1 
costs. 6. The costs of linings and repairs. 7. Amor 
8. Costs of electrodes. 9. Auxiliary appliances. 10. 

In regard first of all to the material charged, it C2 


in the crucible process. I'his includes the higli-priced Sv 
irons, as well as the purest refined metal, usually made 
Styrian charcoal pig iron; also tluid metal already refn 
the open-hearth furnace, which can be “killed in the e 
furnace, in exactly the same way as in the crucible. S 
furnace is therefore at a decided disadvantage with reg< 
the metal charged compared with other furnaces, notwithstr 
that a considerably lower power consumption is natural 
quired for the further working up of pure raw material com 
with material that must be llrst refined in an electric furn, 
another construction. 

For these electric refining furnaces, the exist of the c 
can be taken as ccjually high when (ximparing the oih‘: 
costs. When comparing the costs of the open-hearth anc 
electric furnace it must not be left out of ixmsideratioi 
tile latter has the advantage' that it ailtm's the use of more i 
and therefore cheaper raw materials, a! the same time pen 
the production of the highest quality steels. 

It api>ears unnecessary to give here any figures on tin 
of scrai), for as already mentioned this |)rice is strongly d( 
ent on local conditions, 'rhis also apjilies to thud liiarge 
cither the blast furnace, cupola, open-hearth furnace, or con 

THE LOSS DURING THE OPERATION 

This means the material lost during the treatment 
molten metal in the electric furnace, (Compared with 
furnaces it is very small. When using the purely ind 
furnace with ring-shaped heartli, in which the inirest m 
must be used, the loss is not tonsidered at all; it can be pul 
as zero. On the other hand, when carrying out refining 
electric furn.ace, a certain loss is unavoidable. Allogethei 
from the slagging of the imtiurities, small amounts of the 
m(‘tal are torn away when tht* slug is removed. 'Fhis 
therefore the greater the more impurities arc** present 


ui sings, vjne win scarcely maKe a misraKe in raKing tms loss, 
depending on the charge, as about the same in all electric refining 
furnaces. It should be figured on the average as 4 to 6 per 
cent, with a solid charge, and 2 to 3 per cent, with a liquid 
charge.* 

In this connection it must be remembered that very light 
thin scrap can be used in the electric furnace such as waste wire, 
turnings, etc., without the loss being higher than the figures 
given above. This is because the strongly oxidizing action of 
the hot gases of the open hearth is not present in the electric 
furnace. For comparison it may be mentioned that the loss in 
the open-hearth scrap process ordinarily amounts to 4 to 8 per 
cent., and is considerably higher if much of the light scrap, 
mentioned above, is used. 

If a pig-iron process is carried out in the electric furnace, 
which can offer an economic advantage under very favorable 
prices for current, then more iron is reduced from the ore than is 
the case in the open hearth, so that the yield is easily greater in 
amount than that charged. In this respect the electric furnace 
works more cheaply than the open hearth, and further allows the 
production of a higher quality of steel than can be produced 
in the open heatth. This is shown very plainly in that steel is 
often taken from the open hearth to the electric furnace to be 
refined, or to be alloyed, etc. 

In view of these advantages, why is not the electric furnace, 
used more often for melting, in place of the open hearth? The 
answer is found immediately if we consider the cost of heating, 
on the one hand in the open-hearth or crucible furnace, on the 
other hand in the electric furnace. The fuel consumption in the 
open hearth, working the scrap process and using bituminous 
coal, amounts to 22% to 32% of the output. If we take the 
highest value, and remember that the electric furnace in the 
sizes used up to now can only be compared with small open- 


Borchcrs gives loss as lO to ii per cent, in a Girod furnace with a 
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hearth furnaces, we find that 320 kg. (705.5 lb.) of coal 
used per metric ton of open-hearth steel. In the electric 
700 to 800 kw. hours would be necessary to melt the sc 
in the open hearth, and to refine it to the same grade as 
open-hearth steel, provided that the furnace was of 5 \ 
capacity. If the coal cost $3.57 per ton, then the hea 
alone of the open hearth would be $1.12 per metric 
order that the heating cost in the electric furnace shi 
exceed that of the open hearth, the kw. hour, with tl 
assumptions, should cost 0.15c. 

If the kw. hour prices are calculated, which are a 
with different prices of coal and coal consumption, so 
heating costs in the electric furnace do not exceed thos 
open hearth, then the following table is obtained: 


Coal 
Used per 
Metric 
Ton of 
Open- 
Hearth 
Steel 

Allowable Price per Kw. Hr. in Cents with Coal at the Following 
Price per Metric Ton (2,204 Lbs. ): 

$ 2.85 

$3.33 

$3-80 

$4.28 

$ 4-76 

$ 5-23 

$S- 7 i 

22 

.0833 

.097 

.III 

. 126 

. 140 

.154 

. i66c 

24 

.090 

.107 

. I 2 I 

.138 

.152 

.166 

.183 

26 

. 100 

.116 

.130 

■147 

. 164 

. 180 

.197 

28 

.107 

.123 

. 140 

•159 

.178 

•195 

.214 

30 

.114 

•133 

.152 

.171 



.228 

32 

. I 2 I 

.142 

. 16I 

.183 



.238 

22 

.078 

.090 

. 104 

.116 

.130 

.142 

.157c 

24 

.085 

. 100 

.114 

.128 

.142 

.157 

.171 

26 

.092 

.107 

.123 

.138 

•154 

. 169 

.185 

28 

. ipo 

.116 

.133 

.150 

.166 

.183 

.200 

30 

.107 

.123 

.142 

•159 

.178 

•195 

.214 

32 

,114 

•133 

.152 

.171 

.190 

.209 

.228 

22 

•073 

.085 

.097 

. 109 

n 



24 

.080 

.092 

.107 

. I 2 I 


Bl 
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costs are in the open-hearth than in the electric furnace. With 
the most unfavorable coal consumption (32%), and very high cost 
of coal ($5.71 per metric ton), the kw. hour ought not to cost 
more than 0.238c. If we calculate the kw. year as containing 
300 working days, then the kw. year ought not to cost more 
than $17.14, or the e.h.p. year must not cost more than $12.62. 
It is evident that these prices for power can only be reached 
with the most favorable conditions, for example through the 
use of water-power. It is therefore also clear that the electric 
furnace can only be used for the melting of scrap, and the pro- 
duction of steel, similar in quality to ordinary open hearth, in 
such places where the cheapest natural power is ready for use, or 
else where small amounts of steel are to be made for which the 
open-hearth process is unsuitable. In all other cases it is almost 
always preferable to leave only the final work to the electric 
furnace. In this way at only a small increase in cost an improved 
quality is reached, compared with open hearth which is greatly 
in favor of the electric furnace. 

The smaller crop of electric steel ingots, and when the latter 
are rolled into sheets for galvanizing, where the so-called 
“spangle ” is larger and better looking, and takes less spelter, 
compared to open-hearth sheets, are all offsets which must 
be taken into consideration. 

It has been mentioned already that the electric furnace can 
replace the crucible. If we therefore now consider the heating 
costs of the electric furnace on the one hand (using this method 
of working) , and the crucible on the other, we obtain the follow- 
ing: The fuel consumption with crucible melting in coke 
furnaces not using the waste gases amounts to about 150 to 
200 per cent, of coke, and with the use of regenerative gas 
furnaces, 175 to 200 per cent. coal. 

If we take it. firsts that the same nure charae is to be used 
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down to 617 kw. hrs. per metric ton in their 8- ton, ring-sha 
induction furnaces, of the Kjellin and Frick types. Also, ca. 
lating on the melting alone, the power consumption in an 8- 
Rochling-Rodenhauser furnace is only 580 kw. hrs. per ton. 

Taking the figures given above as a basis, the table on 
following page clearly shows how high the cost per kw. 
may be, in order that electric heating may not be dearer t 
that in the crucible furnaces with the given unit prices for < 
and coke. 

The table shows how the unit price for power can incr( 
very considerably before the heating, cost in the electric fun 


Coal 
Used per 
Metric 
Ton of 
Crucible 
Steel 

Per cent. 

Allowable Price per kw. hr. in Cents with the Following Coal 
or Coke Prices (per Metric Ton) : 

If th« 
is Us 
pel 
Meti 

$2.38 

$2.85 

$ 3-33 

$3.80 

$4.28 

$4.76 

$ 5.23 

$ 5-71 

Ton 
Elect 
Ste< 
kw. h 

■i 

•595 

.714 

•833 

•952 

1. 07 1 

1. 190 

1.309 

1.428 

[ 6b 

mSM 

•695 

•833 

..971 

I.III 

1.250 

1.388 

1.528 

1.666 


•795 

.952 

I.III 

1.269 

1.428 

1.588 

1-745 

1.904- 

) 

150 

•547 

•659 

.769 

.881 

.988 

1,100 

1.209 

1-319 

) 

175 

•643 

.769 

.897 

1.028 

I.115 

1.281 

1.409 

1.540 

y 65 ( 

200 

•733 

.881 

1.028 

1.171 

•1.316 

1.464 

1.614 

1.762 

) 

150 

.512 

.612 

.714 

.816 

.919 

I. 02 I 

1. 123 

1.224 

1 

175 

•595 

.714 

•833 

•952 

I.071 

I.I90 

1.309 

1.428 

y 7o< 

200 

.681 

.816 

•952 

1.088 

1.226 

1.362 

1.500 

1-633 

) 

150 

.476 

•571 

.666 

.762 

.857 

.952 

1.047 

1. 143 

m 

175 

•557 

:666 

.778 

.890 

1. 000 

I.II 2 

1. 22 1 

1-333 


200 

•635 

.762 

.890 

1.016 

I- 143 

1.269 

1-397 

1.524 

HI 


will exceed that of the ordinary crucible furnaces. We 
assumed previously that only pure raw materials were n 
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required, depending upon the degree of purification, thi: 
would scarcely outweigh the savings brought about b; 
of a cheaper charge. 

It must be further considered that much more la' 
quired to operate the crucible furnaces than an electric 
which can replace many crucibles because of its capaci 
latter property brings about a further advantage, i 
complete uniformity of the whole cast, while the mate 
different crucibles shows certain variations. It shoul 
mentioned that the cost of crucibles is higher than tl 
upkeep of an electric furnace. Finally, when one 
that the steel from the electric furnace is of fully eq 
to that from the crucible, then the displacing of the 
by the electric furnace appears inevitable. This is s 
the growth that the electric-furnace industry has had 
to now. The following figures in metric tons are taj 
the steel production of Austria-Hungary: 


Year | 

Crucibh' Steel 

Electric 


I go? 

23,21s 



igo8 

ig,6sg 

4.3 


igog 

10.083 1 

g.o 


tgio 

17.586 

20,0 

22,8 


igix 

17.467 


The following table in metric tons shows the steady 
which electric steel has made in the leading steel ] 
countries of the world: 


! 

igi8 

tgr? 

1916 

191S 

United States 

870,000$ 

304.542 

160,918 

69,412 

(Germany 

321,824 

210,700 

190,036 

120,000 

Cireat Britain 

i47.g3S 

120,600 

49,256 

22,000 

.\u8tria, Hungary, Bohemia. 

So.ooot 

48,000$ 

47,247 

23.895 

Canada 

120,000$ 

t 

11,000 

39.069 

43.790 

61 

France. » 

Sweden 

10,664 

6,648 

1 

Totain , 

1,420,749$ 

742.575$ 

506.895 

244.368 
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We have previously shown that, in regard to heatir 
the electric furnace is more economical in almost all cas 
the crucible furnace, but that on the other hand it us 
less economical than the open hearth. This naturall} 
it about that as much as possible of the melting and 
should be done in the more cheaply operated open hea: 
in the case of the refining of basic Bessemer metal, in t 
verter. This leaves only refining and desulphurization 
electric furnace, for both of which purposes it is part 
suitable, because of the easy regulation of the temperati 
the removal of the harmful influences which are una^ 
with any other method of heating. 

It is, therefore, to be expected that the electric 
will not only displace crucible plants, but will be int 
more and more in connection with open-hearth and B 
plants. 

The power consumption necessary for the work of 
naturally depends greatly on the final product desired, 1 
also dependent upon the degree of purity the material ha 
charged into the electric furnace. Furthermore, the sizi 
furnace, as well as the efficiency of the particular type of 
chosen, has an influence which must not be neglected, 
gard to these latter influences, the discussion in the fi 
of the book must be consulted. 

The only points remaining to be considered are thos 
material charged, and the final product required. 

It is known that in melting in any furnace a hig' 
ciency is obtained the quicker the melting proceeds, 
the greater the amount of energy supplied, the higher 
ciency. With an important lessening of the time neces 
melting, there is a corresponding lowering in the amount 
lost by radiation, etc. It is also well known that, a 



page 140), which shows the power consumption depen 
the size of the furnace with different slag change: 
fitting idea of the influence of the impurities in t 
on the power consumption. The figures given sho 
fore be considered as approximate. To give more ex 
is apparently only possible with a thoroughly fixe^ 
furnace, of a fixed size, and with an exactly establisl 
and final material. 

For example, basic Bessemer metal with about 
and 0.08% S, requires an average of 250 kw. hrs. ] 
ton for refining, in an 8-ton Rochling-Rodenhause; 
when the final material required is of crucible ste 
with a definite carbon content. With the producti 
highest value alloy steels the power consumpt: 
almost the same conditions increases to 280 and 
kw. hrs. per metric ton. On the other hand, whe 
structural steels it falls to 200 kw. hrs. or less. 1 
consumption is therefore the smallest when only 
allowing or degasification must be carried out, and n 
ough refining of the metal. It then falls even to io( 
and less per ton. 

It should be remembered that very impure metal 
for the charge, basic Bessemer, and if metal was taker 
open hearth for example, with 0.03% P and 0.05^ 
under the same conditions there would be a certair 
of at least 50 kw. hrs. per metric ton when making hij 
steels. 

The considerations given above serve to show 
power consumption figures given in technical pape 
be carefully investigated to see what conditions the; 
for such figures only lead to grave mistakes in man} 

As the electric pig-iron furnace is beginning to 
portance, as shown by the action of the Jernkontoret i 
who have built a furnace for a daily output of 20 ton 
energy consumption of 2,500 to 3,000 h.p., a comparisc 
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below between the ordinary blast and electric shaft 
The following table, due to Catani, is taken iiom-Ne: 
paper in Stahl und Eisen, 1909, p. 276 ff. It shov 
unit prices may be paid for electrical power so that tl 
ing cost in the electric furnace does not exceed tha1 
ordinary furnace, with the given price of coke and out 
h.p. day: 


Weight of Pig Iron in 24 Hours 
per H.P. 

Allowable Price per H.P. Year with the Fc 
Coke Prices:" 

kg. 

\ 

lb. 

$ 3-^0 

IS- 7 i 

$ 7 . 

6 

• 13-2 

$4.88 

I7.3I 

$9.: 

8 

17.6 

6.09 

9.14 

12. 

10 

22.0 

7.61 . 

II .42 

IS- 

12 

26.4 

8.57 

12.85 

17 - 


By calculation we obtain the following table, tal 
h.p. year as equalling 0.736 kw. year, and the year as co 
365 days: 


Weight of Pig Iron in 24 Hours 
per Kw. 

Allowable Price per Kw. hr. in Cents with the 
Coke Prices: 

kg. 

lb. 

$3.80 

$ 5.71 

$ 

8.15 

18 

0.073c. 

0.109c. 

0 

10.9 

24 


•135 


13-6 

30 

.114 

.171 


16.3 

36 

.128 

.192 



In order to be able to form an opinion irom the figui 
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coke at a relatively high price, the price for electricity must 
be very low for the electric-shaft or pig-iron furnace to compete 
with the ordinary one. In Germany, therefore, the electric- 
shaft furnace apparently has no future. This is clearly shown 
in the following table by Neumann {Stahl und Eiscn, 1904, p. 
143). Here the carbon necessary for the reduction of the various 
ores used in Germany, and that replaceable by electric power is 
calculated and given in money value. The price of coke is taken 
$3-57 per metric ton, and that of power as 0.238c. per kw. hr., 
or $19.04 per h.p. year. 




Carbon 

The Carbon Replaceable by Elec- 
trical Energy 

In- 

creased 

Iron Ore 

Pig Iron 

Neces- 

Re- 

Corresponds 

Costs 

Cost of 
Elec- 
trical 
Heat- 
ing 



sary for 
Reduction 

placeable 
by Kw. hr. 

Coke 

Kw. 

Hr. 

Coke 

Kw. 

Hrs. 

BUbas brown 
iron ore 

Besaemer 

iron 

722.0 lb. 

327.0 kg. 

1107. I lb. 

S 43 . kg. 

1400. s lb. 
63 .') -3 kg. 

$ 2,579 

$2,269 

$7,881 

$ 5-590 

D n 1 Cu- 
ba r g e r 
red iron ore 

Foundry 

iron 

910. s lb. 
413.0 kg. 

1247.8 lb. 
S 06 . kg. 

1460.0 lb. 
062.3 kg. 

$2,688 

$2,364 

$8,190 

$5,826 

Luxem- 
burg IvOth- 
ringen Min- 
ette 

Baaic 

BeaHcmcr 

S00.3 11 ). 
231.0 kg. 

1261.0 lb. 
S 72 . kg. 

147 s . 7 lb. 

669.2 kg. 

$2,717 

$2,390 

$8,281 

$5,890 

Swedish 

Magnet- 

ite 

Basic 

Besacnier 

1067.0 lb. 
484.0 kg. 

806.9 lb. 
33d. kg. 

044.1 lb. 

428.2 kg. 

$1,636 

$1,528 

$4,985 

S3.4S7 


The next question is: What unit prices for electrical power 
are obtainable today? This has been treated already in Chapter 
XVI of the first part of the book, and it is therefore sufl&cient to 
give here merely the figures on which rough calculations can be 
based with the use of water-power 0.119c. and more per kw. hr. 
and more. 


With the use of blast-furnace gas-engines 0.357c. to 0.714c. 





tions these conditions must be considered. Further, the figures 
refer to the delivery of power at the generators, so that for 
exact calculations, the transmission losses, and losses in stationary 
or rotating transformers must also be considered. In the latter 
case, for example, these can easily amount to 20%, so that the 
cost of power at the furnace is 20% higher than at the central 
station. 

We have now sufiiciently considered the influence of current 
consumption and cost on the operating costs, and can pass on 
to the other points. 

The fluxes necessary for the operation of electric fur- 
naces depend in the first place on the amount of the impu- 
rities ui the charge, and further on the desired composition of 
the final material. Also, on the method of carrying out the 
refining process, or on the furnace construction or method of 
heating, which under certain conditions may bring about a 
special method of working. As has been pointed out in previous 
chapters, lime and roll scale or ore are necessary during the 
oxidation stage. During the deoxidation stage, more lime, 
together with some sand or fluor-spar, are used to make it liquid, 
and some powdered carbon or ferro-silicon as special deoxidation 
medium. Carbon is used only in the Heroult furnace, all other 
arc furnaces and also the Rochling-Rodenhauser using ferro- 
silicon, so that ui these latter furnaces a somewhat higher ferro- 
silicon consumption has to be figured upon than in the Heroult 
furnace. 

Further, all furnaces working with carbon electrodes use a 
slightly greater amount of oxidizing agents during the oxida- 
tion period when compared with induction furnaces, which is 
due to the reducing action of the carbon vapor. This must 
be reckoned with, altogether apart from an increased power 
consumption. 

The wages or labor costs which are required for the operating 
of electric furnaces, calculated per ton of steel, are the smaller 
the greater the capacity of the furnace and the larger the amount 


operate a small furnace will be completely satisfactory to operate 
a larger one. If we consider that the size of the various types 
of furnaces is the same, then the labor necessary for the purely 
metallurgical work can be taken as equal in amount. It should 
be determined whether solid or liquid charges are to be worked, 
and in the former case the kind and amount of scrap to be charged, 
as well as the kind of auxiliary machinery to be used. If we also 
suppose that the number of men necessary to handle molds and 
work on ladles is the same under all conditions, for the different 
furnaces, (which appears to be absolutely correct,) then the 
same amount of labor would be used with all the furnaces for the 
purely metallurgical work. 

We have already noticed, however, in the first part of the 
book that with the Stassano furnace one man is necessary to 
watch continuously the electrical recording instruments, and 
to regulate the electrodes according to their readings. Such a 
man is necessary with all arc furnaces unless they are provided 
with automatic regulating arrangements, and even if these are 
present a continuous supervision of the electrical conditions is 
necessary while the scrap is being melted, for example in the 
H6roult furnace, as has been already pointed out in Chapter VIII. 
Ihis extra man is unnecessary with induction furnaces, and 
with proper design of the furnace all the switches and regulation 
devices can be looked after by the first melter without any great 
or important waste of time. 

When working with fluid charges in arc furnaces equipped 
with automatic regulation no important switching work is neces- 
sary, and the special expense can be saved. These conditions 
are not without bearing on the amount paid for labor per ton of 
steel. 

The lining and repair costs form a very important part of 
all operating costs. They include labor and the expense of 
material. The material costs, in the first place, depend largely 
on local conditions so that correct unit prices cannot be given. 
Apart from this the wear and tear on the furnace roof and walls 
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depend very largely on the method of heating. For 1 
we find, for example, that the roof is strongly attac 
arc furnaces, as it is exposed to the heat radiated fro: 
while an attack on the roof of induction furnaces can s 
noticed. The reason is that in the latter case the h^ 
duced in the metal bath itself so that the roof is pr< 
the covering of slag, altogether apart from the fact 
place is a temperature of 3,500° C. produced, as is som 
j case near the carbon electrodes. 

I In all electric furnaces there is also a certain wea 
I of the dolomite or magnesite hearth by the slag, i 
* possible this is taken care of by repairs made between t] 
This is done the more easily if all parts of the heai 
reached from the doors, and if the material used sti 
places to be repaired. The cylindrical Heroult, 1 
Girod, and Stassano furnaces, as well as the Rbchli 
hauser, only allow such repairs to a certain extent, so 
a run of. a certain number of charges the furnaces must ' 
for repairing the walls, and in the case of the Girod, 
etc., the bottom also. This brings about a certain k 
and expense for labor, both of which are the greater, 
on the difficulty of making the walls and roofs. Th< 
shows the most unfavorable conditions in this resp 
the Girod and Rochling-Rodenhauser can be prepared 
tion in about the same time. Furnace linings last 
between 6 and 600 heats, averaging about 100. 

In regard to furnace repair costs it is evident 
arc furnaces the price of material for the roof as v 
hearth is of determining influence, while for indu 
naces the latter alone is of special importance. In 
may be said that the repair and maintenance cos 

fnrnnrpc rrmctKr nomAKr ftiA 
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whole plant having the same capacity. It is therefore important 
to use the plant as completely as possible, and the induction 
furnace allows this the most easily, as it works without rapid 
current variations. As this furnace moreover has undoubtedly 
the best working efficiency, and can be kept under current 
continuously, even during charging, without the machinery 
being in danger, there is a saving in time, and therefore an 
increase in production for a given size of furnace. 

With an equal amount of total plant cost the deprecia- 
tion per ton of steel with the induction furnace must be smaller 
than with other electric furnaces. In ■ regard to the extent 
of the cost of plant itself, the first part of the book may be 
referred to. 

Electrode Costs . — This comes into question only with arc 
furnaces. The conditions affecting the consumption of electrodes 
were treated in Chapter VI of the first part of the book. It 
was also proved in Chapter IX that the Girod and Heroult 
furnaces should be'* considered as working with the same electrode 
conditions, provided that both furnaces are technically of the 
same excellence. We can, therefore, without further thought 
put down the electrode consumption in these two furnaces as 
equally high. Oh the other hand the Stassano furnace, working 
under altogether different conditions, will give another electrode 
consumption. The electrode material will also naturally affect 
the cost per ton of steel. Carbon electrodes vary in price from 
$115.71 to $200 per metric ton; graphite electrodes, $253.90 
to $400. Graphite electrode consumption varies between 2 and 
13.6 kg. (4.4 and 30 lb.), and amorphous carbon, between 13.6 
and 27.2 kg. (30 and 60 lb.) per metric or gross ton of steel 
made, exclusive of breakages. Specific cases are given later on. 

It is perhaps not without value to consider that the mild 
steel pole pieces, such as are used in the Rbchling-Rodenhauser 



necessary with all furnaces. For instance, with the 
Rodenhauser furnace there is the air cooling of the tra 
and with all arc furnaces a certain water consumption 
the dectrodes, or for the governing of the electrodes 
Stassano furnace. To this also belong the costs of 
necessary for the tilting or turning of the furnaces, j 
also that necessary for automatic regulation, etc. 1 
altogether are, however, only very small. With £ 
furnaces they only amount to a very few cents per toi 
a certain consumption of working tools, rabbles, rods, e 
not remain unmentioned, which should cause about 
costs for all furnaces. Also when calculating the cos 
the power for lighting, operating the travelling cr; 
should be considered, which can be taken as equally h: 
different furnaces. Finally, there is a license cost wt 
into question, concerning the amount of which only the 
owning the patents can give information. 

As a conclusion some operating costs may be 
different furnaces. It should be again pointed out 
figures and comparisons are to be used with the grc 
because they are based altogether on local conditions 
on the kind of metal charged and obtained. In reg 
operating costs of the electric shaft furnace it has be( 
out already that it can only compete with the ordi 
furnace under the most favorable conditions. These 
exist, for instance, in some parts of the United State 
Norway, Sweden, Japan, and Switzerland, and the 
comparison of costs is for Sweden. 

It has been made by Prof, von Odelstierna of StocI 
is taken from the Electro Chemical and Metallurgical 
1909, p. 420. 

In the charcoal blast furnace: 

0.950 metric tons charcoal at |8.oo per ton 

Labor 

c^rxA orAn#>ri:»l AvrvAncAc 


. 2/0 metric tons charcoal $2 .16 

.3 electric h.p. years at $12.142 3 60 

.abor 1. 00 

0 lb. electrodes at 3c. lb 30 

Repairs and general expenses i-50 


Per metric Ion $8.56 


:orduig to these figures the use of the electric furnace 
. gain of about $1.54. It is based on the assumption that 
rdnwall, Lindblad & Stalhanc furnace, which has shown 
best so far, is taken as the electric shaft furnace. The 
ken for the comparison ought to contain 60% metallic 
nd the charcoal 83% carbon. 

is further assumed that both furnaces have the same 
—from 8000 to 10,000 metric tons per year. The prices 
; and raw limestone* are not taken into consideration, as 
epend so largely on local conditions, 
we compare the results found here with the previously 
:ablc of the cost of current for the electric blast furnace, 
;i complete agreement. For instance, from, the table on 
90, we see that if the cost of heating in the two types of 
e is to be equally great the h.p. year should cost $12.19. 

, with a production of (8 kg.), 17.637 lb. pig iron per h.p. 
nd a price of coke of $7.61 per metric ton. The figures 
f. von Odelstierna are based on power at $12.14 per h.p. 
harcoal at $8.09 per metric ton, and an output of i metric 
r 0.3 h.p. year, d'his corresponds to about (9 kg.), 19.841 
■ h.p. day. If it is assumed that the coke and charcoal 
1 the same carbon, then the estimate of von Odelstierna is 
,ted with a higher output and with a greater price for 
, both of which points arc favorable to the operating costs 
electric-blast furnace. 

should, however, be again pointed out that such favorable 

the Metallurgical and Chemical Engineering, Feb., 1912, p. 71, 
ER says that in practise it has been found more economical to use 
id limestone, and that among other things burned limestone causes 


so that it is restricted to countries poor in fuel and 
and electricity. 

In this respect it is, however, encouraging to note 
the five months’ test made at Trollhattan, ending . 
(according to The Iron and Coal Trades Review, of lSio^ 
the pig iron produced per h.p. year equalled 3.79 me 
22.92 lb. (10.41 kg.) per h.p. day; this corresponds t 
of I metric ton per .262 h.p. year. These later and b< 
are the average of the first week’s run after again i 
and are attributed to the improved gas circulation 
furnace roof which, according to Robertson, the inve 
tain that the important point is to make this fun 
long as possible, and in order to do this they consider i 
necessary to have the roof cool. Richards sugges 
April, 1912) that the arch of the furnace hearth b' 
by water-cooled plates, as is common with open-hear 
This, however, as has already been suggested, may c 
efficiency too much. Lyon states that attempts we 
the Noble Electric Steel Co. in California to preser 
of the crucible hearth by water-cooled plates embe 
brickwork, but these did not prove especially effecti 
writes at this time that they would gladly dispen: 
artificial gas circulation if they could. As is elsei 
tioned, Leffler says that calcined limestone causes 
to hang. Yet Noble, with his California furnace, s 
uses calcined limestone, and furthermore uses no a 
circulation.* In the last tests made at Trollhattan, 
and petty expenses cost about $1.60 per ton of pig iro 
Part of these operating cost repairs are caused by the i 
away. If half of the above amount were saved by th 
of the roof being increased, it would make, in a 2500 h 
producing 25 tons daily, an annual saving of 350 X 
$7,000, enough to pay almost 9% on the investment. 


* The reason the Trollhattan furnace has gas circulation a 
furnace none, is because the former is operated as an arc fur 



onths period ending in April, 1911, was estimated from 
rds and from a personal investigation given on the spot 
follows: 


2 tons of ore, 67.1% at $2.68 $4.07 

2 kw. year at 1 3.40 3.51 

kg. (187 lb.) limestone at $1.61 per ton 14 

> kg. (915 Ib.) charcoal at $12 4-99 

7 kg. electrodes consumed * at $67 36 

oor 78 

pairs and petty expenses 1 . 60 

crest and sinking fund, 10% on $24,000. 35 


Total $15.80 


cost of producing one ton from hematite of 50% iron was 
One of the Norwegian companies on the West coast, 
12) constructing a plant for the smelting of 60% magne- 
mated the cost per ton of iron, with electricity at $5.46 
2ar, at $11.25, ’dsing English coke at $5.63 per ton, 
the Stassaiio furnace detailed cost figures are given by 
n Stahl und Risen ^ 1908, No. 19. They apply to the 
described in Chapter VII for one-ton charges, making 
• castings from cold material. The figures are further 
1 the following special conditions. The furnace remains 
each night for three hours, and 24 hours on Sunday, 
these times it is kept warm by electricity, the current 
dtched on for one-quarter of an hour, and off for three- 
. of an hour. Under this non-continuous operation the 
gives 3.5 metric tons per day, or 840 metric tons per year 
working days. 

furnace takes three men per shift, the average wage being 
; $1.19. The fining costs $95.24, exclusive of the labor, 
agnesite is used. It must be renewed every three weeks, 
after a production of about 63 metric tons, and requires 
ays for the renewal. 


total electrodes used per ton of iron produced was 10.28 kg., the 
being attributable to the stub ends, now no longer prevalent, with 



Under these conditions the following calculations are 
per metric ton of fluid metal: 

Depreciation $ 99^ 


Cost of the charge: 


I metric ton scrap at $15.95 |l5-952 

.02 metric ton mill scale at $4.047 ... . .081 

.02 “ “ lime at $2.857 .057 

.008 “ “ 12% ferro-silicon at 

$35-71 285 

.004 “ “ 8o%ferro-manganeseat 

$52.38 209 

.0008 “ " aluminum at $357.00 . . .285 


16.869 

Cost of power: 


For melting 9C¥) kw. hrs. at 1.071c $9-643 

For heating during delays i . 071 

Cost of furnace, lining, and repairs 2.619 

Labor 2.047 

Electrodes .595 

Cooling water .095 


16.070 


Total $33-941 

According to a more recent article (Neumann, Stah 
Eisen, 1910, p. 1066) it is possible to greatly reduce the c( 
the lining when using dolomite for the hearth. At the 
time through the use of a purer charge the power consun 
for melting drops to 750 kw. hrs., and because of the corres 
ingly less work with slags the furnace can last 70 to 100 . 
Definite figures for the lowering in .costs brought about i 
way are not known. 

Cost calculations for the Heroult, Rennerfelt, Snyde 
Girod furnaces,, have been published. The following are 
from Stahl und Eisen, 1908, p. 1825, and apply to a 2-ton 


r^o w gAvv o\.K,\^x yjx xiigi.i vaiuc, ljlic 

costs per metric ton are as follows; 


.1 ton lime, .1 ton ore, and additions of various 


alloys, from $ .714 to$ .809 

Klcctrodcs g^2 — 1.190 

I^abor 1. 142 

I'urnace maintenance, tools, etc 2.857 


1,000 kw. hrs., the cost depending on the price 
of power 

If melting, without further refining, is all that is necessary, 
that is to say a similar method of working to that recently car- 
ried out with the Stassano furnace at Bonn, then the following 
figures should be used: 


Lime, etc $o.2$8 

Electrodes 762 

Labor 762 

Furnace maintenance, tools, etc 2.285 


Power consumption, 750 kw. hrs. 


For the refining of a liquid steel charge taken from the con- 
verter or open hearth, the following figures are given: 


.04 tons lime, and additions $ .524 to^ .619 

Electrodes .381 

Labor .571 

Furnace maintenance, etc ,952 


Power consumption about 300 kw. hrs. 


In these tables depreciation and the loss in operation have 
not been taken into consideration. 

The latter is given by Borchers as lo to ii%, who also says 
that the consumption of electrodes in the larger furnaces ought 
to amount to 0.012 to 0.015 nietric tons per metric ton of steel 
with cold charges. This gives an electrode cost of $0,571 to 
$0,762 per metric ton. In regard to the life of the Girod furnace 
it is stated that with cold charges the walls last about 80, and 
the bottom about 120 heats, the roof stands 25 to 30 heats with 
small furnaces and 20 to 2 5 with large ones. 


llllJJUi Lallu UCgACrC XXKJXX± LXAUOW \JX i.XX\^ VJiXXV/VJ.^ J.v.'J. 

Heroult bottom costs. For the Heroult furnace the 
partial results may be shown taken frona Metallurgical at 
cal Engineering, 1910, p. 179. They apply to the 15-to: 
at So. Chicago. Liquid Bessemer metal, of which the 
tion is not given, is refined in 12- to 14- ton charges 
material containing 0.03% P. and 0.03% S. Power con: 
200 kw. hrs. per metric ton. The furnace roof of silica b: 
$60. It requires changing each Sunday.* With 12 hea 
and 13 metric tons per charge, this equals 0.0642. 


Hearth repairs, about $ 0 . 0642 

Lining costs, about 128.^ 


This does not take into consideration the costs per to 
bricks, which must be replaced at certain times. The 
consumption is given as (6.6 lb.) 3 kg. per metric ton- 
electrodes are used, and the cost per ton of steel is abqu 
Neumann gives the loss with a cold charge as 6%, 
to 3% with fluid charges. With the same kind of chai 


*The roof problem has recently been the subject of careful 
FitzGerald (see A. I. E. E., June 25, 1912, transactions). A brie 
silicon carbide has been manufactured which it is believed will ha^ 
longer life in the steel furnace than the silica brick now used. T1 
made by taking powdered or granular silicon carbide, mixing it with 
temporary binder, such as a solution of dextrine, molding and th( 
in an electric furnace to the temperature at which silicon carbide 
Bricks made in this way have been used in the roof of an experim^ 
furnace in one of these laboratories and then put to the severest tes 
The bottom of the furnace was purposely raised well above the no 
so as to bring the surface of the slag as close to the roof as possible, 
distance in some experiments being only 10 in. (25.4 cm.). Then tl 
was worked at double the normal rate of generation of energy so that 
mg of the roof was very intense, so much so that an ordinary silica r 
melt down rapidly and be completely destroyed in a single heat. E 
the^ very severe conditions the silicon carbide roof stood up perfe< 
periments have also been made in other steel furnaces and these re 
firmed. The most serious objection to a roof of this kind is its 
and cost. If it lasts a sufficiently long time it is nevertheless ec 
t Dolomite taken at $6.00 per metric ton. 
f This applies to electrodes of Acheson graphite, costing 27 cent 
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ever, the same loss is to be expected in both the Heroult 2 
Girod furnaces. 

A certain difference in the operating costs of the Heroult 2 
all other electric furnaces arises from the fact that the forr 
uses carbon for deoxidation instead of ferro-silicon. With n 
mal heats, therefore, and deoxidation with carbon the Hero 
furnace has to figure on a consumption of about 4 kg. ferro-silic 
per metric ton; in the case of other furnaces, and the H6ro 
also, if deoxidation with carbon is not followed, on about 7 
If it is assumed that the Heroult uses 3 kg. petroleum co 
then the following figures are given for deoxidation and 
sulphurization: 

H6roult furnace, using 3 kg. petroleum coke at $1.90 . . . $0,057 
H6roult and all other furnaces using 3 kg. ferro-silicon 

at 7.26c 2 i6 


So that deoxidation and desulphurization by means of 
ferro-silicon alone is dearer than that by carbon and 
ferro-vsilicon by about 159 

This is with 50 per cent ferro-silicon costing about $74 
metric or per gross ton. With this alloy costing considera 
more than the figure mentioned above, even though the price 
petroleum coke increases correspondingly, and even more 
the demarcational advantage of refining with carbon instead 
with ferro-silicon becomes more apparent. From an operat 
standpoint, however, it is a little easier to achieve results -w 
a more expensive method. 

As mentioned before, this has the advantage, however, t 
it does not influence the composition of the bath, and so is of 
used even in the Heroult furnace. 
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H6rti;“pe”tira' ts“ T? ^ 

tridty at one cenf pt kw Wh VT 

two slags, should on the average norbe overtfTt 
the cost of scrap, in normal times ^ P'"" 

Rod!!^Lrftnatf%u"4“^^ 

Wedding. The following apL to T f “ 

fluid charges: ^ PP 7 to a 5-ton furnace working on 




Lining costs, using magnetite ^ 0*536 

Wages 595 

Air for cooling transformers ' 




costs 


2 ton furnace using polyphase current gave the followins’ 
S, when scrap was worked up for making steel castings: 
Charge 


1 metric ton scrap 

5 % loss 

798 


•or metric ton roll scale .... " "(00 

•»35 '■ “ lime ^ Z ’t] 

■«=s “ “ fluor-spar Z bZ 

“ ■■ .iZibi;:;;.;:;; 


.040 
. 100 


.004 


7 '"^. , terro-manganese ( 8.8 Ih .'i 

Loss m ferro-alloys remaining behind ..... . . .' 


|i7-344 


Power consumption, about 900 kw.-hrs., price varies 
Lining and repair costs 
Labor 


Air for cooling transformers 


793 


at 1. 071c. per kw.-hr 079 


given for a 2-ton furnace which workine 
- P^duction of 6 to 8 tons'" dZ 
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conditioiLs. Care should, therefore, be taken in using them for 
comparison. The weight of material used ought to be known, 
and the kind of charge and the final metal required have a great 
influence. 

The consideration of the different factors affecting costs given 
in the first part of the book appears, therefore, to be very valuable, 
and this part may once again be referred to. 



B. THE electro-metallurgy OF IRON A] 

INTRODUCTION 

Until the invention of the steam-engine the opei 
iron and steel plant required the presence of a wat( 
source of power for the hammers and blast. If, at thi 
sufficient ore beds and forests were in the neghborl 
requirements were filled for the prosperity of the ] 
consumption of iron and steel tools was moderate, 
could operate economically in a modest way and 
water-powers, for with the absence of railroads, etc., t 
found a paying market in the immediate vicinity, an 
ing in of foreign goods was almost impossible. The f 
large German water-powers were not needed, and w 
used because the technical knowledge necessary was n( 
ly advanced. . 

Conditions changed as the supply of charcoal b 
crease and the consumption of iron and steel to incr( 
old plants with their associated water-powers £ 
amounts of charcoal could only increase their prod 
certain amount. The knowledge that ores could be s 
coke, and the invention of the steam-engine, made i1 
use commerdally the immense stores of energy lying 
the earth in the form of coal. Soon the plants deserl 
places near the waterfalls, and changed their local 
coal-fields, where fuel and therefore power were 
application in unlimited amounts. 

Then succeeded the remarkable newer growth 
and steel industry with its attendant immense prod 
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is the first to come into consideration, since it is possible to \ 
duce it from coal at a moderate cost. Also the railroads h 
brought the most remote countries into connection, and 
enormous water-powers of foreign lands can be used as sou 
of cheap electric power. Is it to be wondered at that m 
technical men are working at the problem of the building 
electric furnaces, or that this task should soon be solved econor 
ally, when it is known that electric heating produces a hi< 
furnace efficiency than heating with fuel? 

So we see efforts being made recently to build plants i 
the larger water-powers, as in the old days, in order to ob 
electric power at the lowest cost, and to produce iron and s 
from ore by electricity. 

Also in the industrial countries the electric furnace is gair 
importance from day to day, for it is proving capable of ] 
ducing higher quality steels equal to crucible steel, from imj: 
raw material. 

It is the authors’ wish that the production of iron and s 
by electricity may receive such an impulse that the statem( 
in this little book will very soon be exceeded by the facts. 

Gluck Auf! 

J. SCHOENAWA. 


THE ELECTRIC SMELTING OF IRON OR! 

AND STEEL PRODUCTION 

The usual commercial process by which pig i 
is smelting in a blast furnace with fuel, flux an( 
In the upper part, or shaft, of this furnace a C( 
of thermal and chemical reactions take place, w 
iron and prepare it for its final smelting in the 
preliminary reactions could, if desired, be carried 
shaft into which ore is charged and subjected t 
the hot furnace gases. 

In the lower part, or smelting zone, of the furr 
and partially carburized iron is melted; the in 
ores and fuel are fluxed with the flux added for tl 
thereby converted into a liquid cinder, or slag, 
thermal effects, some chemical reactions occur wh 
ature in the shaft was not sufficiently elevated tc 
the reduction of the oxides of silicon, manganese i 
(the reduced elements being then absorbed by 
conversion of iron sulphide in part to calicum su] 

First let us collect the data upon which to 1 
these reactions. Such data are given below; son 
not been wholly confirmed experimentally, yet 
values are close enough to afford calculations of i 

I kw. hr. == 864.5 calories. 

I kw. hr. = 1.34 h.p. hrs. 

I h.p. hr. = 0.746 kw. hrs. 

Spec. ht. of iron = 0.20. 

Spec. ht. of blast furnace slags = 0.30. 

Spec. ht. of ore = 0.20.. 
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PLATE 1. 

Test pieces of seamless drawn electric steel tubes (Rochling). The 
normal tube, and test pieces made from it in the cold state. 





With the Reduction or 

I Kg. of Re 

IS NECESSARY 

IS obtained 


C. kg. 

CO kg. 

CO kg. 

CO2 kg. 

Ga 

ca 

FeO+G = Fe+CO.. 

0.214 

..... 

0.500 


5 

Fe0+C0=:Fe+C02 

(0.214) 

=0.500 


0.786 

1,2 

Fe 304 + 4 C= 3 Fe 4 - 






4CO 

0.286 


0.667 


7 

FegO^ +4 CO= 3Fe 





+4CO5 

(0.286) 

=0.667 


1.048 

1,6 

FesOg+sC-s Fe + 

0.321 


0-75 


7 

3CO 






Fe.P3+3CO =2Fe+ 






3CO2 

(0.321) 

=0.75 


1.178 

1,8 



Mn02+2C= Mn + 






2CO 

0.436 


I.017 


1,0 

Mn 304 -f- 4C = 3 Mn 



+4CO 

0.291 


0.679 


7 

MnO + C — Mn + 




CO 

0.218 

.509 

0. s;oQ 


er 

Si 02 + 2 C=Si 4 - 2 C 0 

0.857 

2.00 


0 

2,1 

PA + 5 c =2 P + 






5C0 

0.968 


2.258 


2,3 





To reduce looo kg. of iron from magnetite re 
of ore. For simplicity the ore may be considerec 
without any earthy constituents which have to 
Reduction with pure carbon then takes place ac 
following equation: 232 kg. Fes O4 + 48 kg. C = 
1 12 kg. CO. The CO therefore measures 4 X i 
metres. For the production of a metric ton, 10 
iron 286 kg. of carbon are necessary and 533 cu. 
monoxide are produced. 

In the blast furnace much larger amounts c 
these theoretical calculations call for are req 
carbon is depended upon not only to reduce thi 
to furnish the heat required for the process. A( 
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equation Fe3 04 + 4C = 3FeH-4 CO, the process can b 
carried out without the blast being used if the amount of hea 
is supplied which the table shows is necessary. The amount c 
gas produced by the reduction would be only about one-tenth c 
that produced in the blast furnace for the same weight of iror 
for in the latter case the gas is diluted with a large nitroge 
content. 

If magnetite is mixed with carbon in the proportion calculate 
above, and the mixture heated by electricity to the necessar 
reduction temperature as well as to the melting temperature c 
about 1300° C., reduction of the magnetite takes place readily 
The following rough calculation gives the theoretical powe 
consumption necessary for the production of i metric ton ( 
iron in a condition fluid enough to be readily tapped, which : 
necessary in practise. 

1381 kgs. ore heated to 1300® C. = 1381X0.2X1300= .. . 359,o6ocals. 

286 kgs. carbon heated to 1300° €.=286X0.2X1300= 74,360 “ 

1000 kgs. iron heated to reducing temperature 1000 X941 == 941 ,000 " 
1000 kgs. iron melted = 1000 X46 = 46,000 “ 


1,420,420 cals. 

This corresponds 

From this it is clear that the process requires much les 
carbon than the blast furnace if considerable electric energy : 
supplied. In the same manner a high-carbon iron can t 
produced if suflicient carbon be supplied not only to reduc 
the ore, but also to supply that which dissolves in the meta 
A rough calculation for an iron with 3% carbon is give 
below: 

The carbon required is 286 + 30 = 316 kg., and 1030 kg. c 
pig iron is produced. 


5504-5 

iron, which equals 1605.5 kw. hrs. per metric ton. 

It should be remembered that the figures give 
consumption in the blast furnace take in all 
cooling, radiation, etc., and in this respect the ei 
blast furnace is not bad. 

The power consumption given, on the other ha 
theoretical minimum, in operation it will be consic 
depending on the t3q)e of furnace used and its 
Also the figures for carbon consumption are for c] 
material, while in operation fuel containing ash 
be figured on so that the minimum carbon consu 
form of coke, charcoal or similar material is c< 
higher. 

The economical side of the smelting of ores b} 
carbon theoretically necessary for reduction and eh 
to supply the heat for the thermal reactions req 
saving in coke in the new process must be gre 
expense of the necessary electrical energy. 

As a result the process has prospective use or 
ditions where ore and power are cheap and 
as in some parts of Canada, Italy, Norway, Sw 
nia, etc. 

The use of coke can be completely done away 
iron separated from the ore electrolytically like a 
the necessary power consumption is so extremely 
method does not appear economical even for the 
cently proposals have also been made to use iron 
raw material for smelting iron in the electric furn 
be melted and air-blown through the bath unt 
able amount of ferrous oxide has been forme 
blast stopped, and the bath allowed to react acc 
equation: 

FeS -f 2 FeO = 3 Fe + SO2 

It is scarcely possible that the process will 


THE ELECTRO-METALLURGY OF IRON AND STEEL 3^ 

The process given above of using just enough fuel to combii 
with the oxygen of the ore and electric heating of the ore-fu 
mixture forms the basis of the many recent attempts to sme 
iron ore by electro-thermal methods. 

It should be emphasized that, in electro-thermal processes, - 
as the words themselves indicate,-^the electricity serves onl 
as the source of heat which brings the charge to the temperatui 
required for reduction and melting. Electrolytic processes- 
where electricity is used both as a source of heat, and as a reducir 
agent — are less often employed because only direct currei 
can be used. In regard to this, we may refer again to Part I. 

Electrical heating of the charge gives the great advanta^ 
that, because of the much lower fuel consumption, the influenc 
of the latter on the charge and melted material can be regulate 
much better, and the operation can be carried out if desired j 
higher temperatures than used up to now in the blast furnac 
This has a great metallurgical advantage for, as is well know] 
the “reaction ability” of all material increases considerab] 
with increase in temperature. 

In general it is to be expected that in the smelting of tl 
ordinary iron ores which contain more or less manganese, sulphu 
phosphorus, silica, etc., the same reduction reactions will tal 
place as are already known for the blast furnace process, etc 
and that with electric smelting an iron of a certain determine 
purity and analysis will be obtained by regulating the furnac 
temperature and the slag. The iron will be very low in sulphu 
for experience shows that the slagging oft of the sulphur 
favored by high temperatures, and with the electric furnace tl 
temperature can be raised to any desired amount. Smelting i 
the electric furnace can also be carried on in such a way tha 
according to the amount of reducing material used, an iron ca 

Ka anxr AtrAn r^ro Af’iAQllxr fr# 
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because the inipurilies have to be heated to the full tempera 
of the charge, and, furthermore, additional Ikix must b(‘ lu 
to slag oil these useless impurities, and the (‘Xtra. slag must 
be heated to the temperature of the furnace. .\11 this w 
makes the process correspondingly more exptmsive. 

Raw spathic ore, brown iron ore, etc., must ht' calcined v 
smelted, which also rec|uires electrical energy and currespondi 
increases the cost. In conclusion: the t‘lectric prcKluctioi 
iron, which is indeed an “infant industry," must be accompli! 
without the loss of an unnet'essary kilowatt in order to successi 
compete with the old economkadly W(»rking blast furnace. 

In general, therefore, at prestiit usually liigh percen 
iron ores, preferably magnetite and red liematite, are snu 
electrically. If it ha{)i>ens that [joorer ores have to be u.sed, : 
they must be prevuaisly carefully jirepared and t'onctaitni 
During this concentration it is well to remove as eumpk 
as pos.sible any pyrites, apatite, etc., which may be pre^ 
and thereby help in the production of a liighly valuable iro 
great purity similar to Swedish or Styrian, wliich will be suit 
for the production of high (juality steels. l'ht‘ fuel must 
be as low as possilile in ash, so that tlie slag volume is nol 
creased too much. I’he size of tiu' material is of sec-om 
importance for suitable reduction, but very tine materials 
not willingly u.sed exclusively because <>f the clithculty of nano 
the gases produced in reduction. 

In the first tests carbon and ore were intimated)' mi 
pressed together with tar and used in the form of hricjue 
'This bricpietting is immressary and can be more reailily rejc 
as it is costly, for in those countries where eltH irie: .smeltir 
commercially possible becaust* of dear coke the price of ti 
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part in the reduction. The fluid pig iron will then have to 
be recarburized to the required amount by the carbon of the 
charge. 

In regard to the necessary power consumption, that type of 
furnace will work most favorably with which the radiation loss 
is the smallest. 

The Stassano furnace, to the construction of which the first 
part of this book is devoted, heats the mixture by radiation, for 
the arcs are outside of the material to be heated- But, as the 
arcs radiate heat in all directions, and only that much which 
radiates downwards is used economically, it is to be expected 
that the efficiency of this furnace will be proportionately low. 
On the other hand, the electrode consumption will not be very 
high for the electrodes are not in contact with the charge, and so 
will not be attacked by the iron ore. 

I. Smelting of Ore in the Stassano Furnace. — (The charge 
heated by radiation from the arc.) Neumann and Goldschmidt 
have published results of the following smelting test {StaU und 
Risen, 1904, pp. 687, 885). The analyses of the materials used 
were: 

Ore: 


FcaOs 

93 - 02 % 

P 

... .056% 

MnO 


CaO+MgO.... 

.. .5 

SiOa 

S 

3.79 

058 

H 2 O 

. . 1.72 

Lime: 

CaO 

.... 51.21% 

FcaOa 

.. .50% 

MgO 

3.H 

SiOa 

.90 

AlaOs 

50 

COa 

, .. 43.30 

Charcoal: 

Carbon 

Water 

90.42% 

5-70 

Ash 

.. 3.88% 



336 ELECTRIC EURNACES IN THE IRON AND STEEL INDUSTR' 

containing 230 kg. carbon). These briquettes constitute^ 
charge. According to Stassano the heat requirements pe 
kg. ore in the charge are calculated as follows, the data 1 
being chosen from his tables. 


Decomposition of the oxide of iron = 11155 

Vaporizing the moisture in the ore and charcoal 

(1.72 +1.21) 637 = 

Calcining the flux 12.5 X 425 = 

- ..or- 5429 X .016 X 500 
Heatmg the CO2 to 500 C. — ^ = 


.044 


r86 

531- 

98 


Heating the CO produced X .0068 X 500 = 592 

Melting the iron produced 65 X 350 2277, 

Melting the slag produced 13.89 X 600 = 833^ 


157313 

Produced from the burning of C to CO 20.9 

X.2175 4545' 

Leaving 11185^ 


These 111,853.927 calories correspond to 129,386 kw. 
From 100 kg. ore 65.114 kg. of iron will be reduced, so thai 
power required per metric ton of iron is 1987.6 kw. hrs. 
power requirement is, however, only calculated theoretic 
and figures concerning the real power consumption have 
been published; however, as shown above, the radiation 
with the Stassano furnace must be considerable. 

An idea of the amount of this radiation loss is obtained 1 
a further test published by Goldschmidt in which the p* 
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For the reduction of the iron contained in the final prod 
30727.312 

were necessary — X 192 — 52730.: 

For the reduction of the manganese in the final 
, 28.^36 

product were necessary X 94.6 == 48.' 


For melting the metal 30.8 X 350 = io78o.( 

For melting the slag 6.3 X 600 = 378o.< 

For heating and vaporizing the moisture 

1.316 X 637 = 838.: 

For calcining the lime 6.25 X 475 = 2968. 

For superheating the steam to 500°, 

1,316 X 400 X .48 = 252.^ 

For superheating the CO2 to 500° C, 


2. 714 X 500 X 016 
0.44 

For superheating the hydrocarbons to 500° 
2.43 X 500 X .27 


493- 


328.' 


For superheating the CO produced 

i 3 X 307 2 7 X 312 28.336 ) 

( 112 55 ) 

X 500 X .0068 = 2800. 


Total 75020. 

F rom the combustion of the C to CO were produced 
9.S83 X 217s = 21495. 


Leaving 


53524- 


As the whole charge consumed 97.2 kw. hrs, = 84012.072 cj 


338 ELECTRIC EURNACES IN THE IRON AND STEEL INDUSTRY 

of the metal produced is not given, nor the length of tirr 
the test. The demonstrated efficiency of 61.33% is not 
difficult from the calculated figure. It must be admi 
that not only was this a test melt, but that severj 
the figures calculated gave accidentally very favorable res 
In operation the efficiency would undoubtedly be much sm£ 
for the careful supervision possible with a small test woul 
lacking. 

Because of the great heat radiation in the furnace w 
principally attacks the roof, the life of the roof must be si 
and the economical carrying on of the process depends in 
first place on the durability of the furnace. In order to r 
the roof somewhat more durable, either the whole or at least 
part attacked the most must be protected by water coo 
This water cooling, however, apart from its complexity will t 
about important heat losses, the amount of which will be 
into further in another place. 

The power consumption per metric ton of iron is seen t 
high as was to be expected. Theoretically it is 1643 hr 
2680 with a furnace efficiency of 61.33%, compared wi 
proved figure of 3123. This increase in practise of 443 kw. 
is due to the use of ore which is not theoretically pure, anc 
consequent melting of the slag produced, the burning of 
lime, vaporizing the water, etc., a proof that only ores as 
as possible should be smelted. With the smelting of more 
pure ores the power consumption would naturally be 
siderably higher yet. This high power consumption is dr 
the great radiation loss of this type of furnace, and can theri 
scarcely be lessened. Further disadvantages are that no 
tinuous operation is possible, and only small heats can be 
duced. From this it is evident that furnace types in w. 
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completely absorbed. In operation, however, such a total 
absorption is impossible, the charge can only surround the arc 
to a limited extent, and the temperature is so high that radiation 
through the charge to the walls of the furnace is unavoidable. 
With such furnaces the lining and the special roofs, if such are 
present, are particularly strongly attacked by the “stagnant 
heat,” so that it is impossible to maintain continuous operation. 
Also the electrode consumption will be high, for the electrodes 
are in contact with the ore mixture and will be attacked. 

Many ore-smelting tests have been carried out with different 
types of furnace in recent years in order to remedy the trouble re- 
sultant upon the attack on the furnace walls, but with uncertain 
results. In every case the power consumption has been much 
more favorable than was expected, so that in this respect the 
question of electric smelting of ore would have been long since set- 
tled if a furnace construction had been found more suitable for 
continuous operation. The most recent tests of this kind have 
been carried out by Messrs. Gronwall, Lindblad & Stalhane, 
the latest test furnace being shown by figs. 124, 125 and 126, 
invented by the same men. One metric ton of white iron was 
produced in 1909 with 0.25 h.p. years equals 2190 h.p., that is 

— s= 1622 kw. hrs., a result that closely approaches the 
1*35 

theoretical minimum, and is to be explained perhaps by the very 
pure ore smelted. Further tests made with the Gronwall, Lind- 
blad, Stalhane furnace are given elsewhere in Chapter XIV, under 
“Operating Costs,” and under B, “ Electro-metallurgy of Iron.” 

THE SMELTING OF ORE IN THE INDUCTION HEARTH 
FURNACE, SYSTEM ROCHLING-RODENHAUSER 

The efficiency of this furnace will not be bad for smelting 
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ing from within, the roof will show great tliirahility, wliieli is a 
important point, if there is to Iw* eoiitimunis tiperation. 1 
furnaces which work with electrodes ami have a riH)f are 
t>elled to use extensiv(‘ water cooling, sometiines in t^rdt 
increase the life of tlu‘ furnact‘. 'I'hroiigh the avi)ulaiu-e id v 
cooling, a source of considerable loss of heat is iiviiided, so 
the inductitm furnace is worthy of siTious in vest iga turn ft): 
smelting of ore. 

Many smeltiiig tests have !>een carried out in the Rdcl 
Rodenhauser furnace, anti some repttrts t)f them may Iw g 
for uj) to the pri*sent scarcely any results tif t»re smtdling i: 
induction furnace have }>een published. High sulplmr magi 
in a very tine state of division was usetl and higli sulphur 
breexe, in order to priMiuee a pig irtm witli i.6 tti ca 
ami as low in sulplmr as |K»ssil*Ie. Although it was assi 
that a greater part tif the sul|>hyr wtmltl piiss away as gas d 
the following reaction: 

FeS + 2 Ft*C) - j Fe + SO.. 


yet, by way of |:)recaution, the thetiretical amount of lime r 
sary to combine with the sulphur as sulphide of tiileitur 
added to the charge, together with that necessary for the 
gangue, etc. The amount of slag produced in this w'ay wa 
needlessly increased, although the CaH poMluced requi 
large amount of slag for solution if it k hotied, to pnah 
sufficiently good desulphurmtion in this way. 

Analysis of the ore: 


FeA 964 $% 

FeSs 1.41 


69-79% i''« I 


MnjO. 0.25 •» 0.18% Mn. 


SiOa 0.60 
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ANALYSIS OF THE COKE BREEZE 


Carbon 87.48% 

Sulphur 1 . 068% 

Ash 10.4% 

The principal constituents of the coke ash were: 

Si02 40.6 % 

CaO : 5.6 % 

Fe II. 6 % 

AI2O3 25.40% 

Oxygen combined with iron = 5.0%. 

The carbon-monoxide produced passes away unused. • 
Chemical Balance Sheet.— 100 kg. ore (i/io of a metric 
ton) = 70.45 kg. iron. This requires: 

(a) For reduction and combination of the 26.62 kg. oxygen, 

C + 0 = CO 
16 0 + 12 C = 28 CO 

26.62 X 12 1 

— 16 — ^ 


and produce = 46.58 kg. CO 


(6) 70.45 kg. Fe carburized to 3% require 

7545X..3 ^ kg. C 
97 

(c) 0.75 kg. S combined with CaO to form CaS require: 
S CaO - 1-0 = CaS Hh CO 
32 -f 56 4- 12 = 72 -f- 28 
0.75 kg. S + 1*28 kg. CaO + 0.28 kg. C 
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As, however, the ash of the coke also reejuires a sniall ainot 
carbon for the reduction of its metallic oxides, tlic calcuh 
should he macle with 25.80 kg. (»f coke l}ree/A\ 'This 25.80 
breeze contains 0.258 X i.o68 0.2B kg. sulphur whiili 

be slagged off as CaS. 

0.28 kg. S 4” 0.49 kg. CaC) + o.io kg. C - 0.63 kg. C; 
0.24 kg. CO. 


25.80 kg. coke breeze contains 
io.£X 1 16 X 25.8 
10000 


0.31 kg. Fe, 


and 


10.4 X 5 X 25.S 


10000 


a* 0.13 kg. O, in the form of oxide of 


16 0 + 12 C « 28 CO or 
0.13 O 4* O.IO C « 0.23 CO 
100 kg. ore therefore require 
22.43 + carlion or 

22 ' 6 ^ 

j; - 25.87 kg. (57.03 lbs.) coke breeze. 
2 7 *40 


THEORETICAL AMOUNT 

From the ore 

SiOs 0.60 kg. 

CaO O.IO kg. 

MgO 1.21 kg. 

1. 9 1 kg. 

from this must be taken o. 


SLAG PER 100 KG. ORE SMELl 

From the coke ash 
0.2587 X 10.4 2.% kg. 

SiOa 1.09 kg. 

CaO 0.1$ kg. 

AlaOs 0.69 kg. 

2.69 kg. 

X 10.4 X 0.2587 * 0.44 kg. F 
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The theoretical total amount of slag is 1.9 1 + 2.25 + 2.33 -|- 
3.18 = 9.67. 

In calculating the amount of carbon necessary for reduction, 
it must be remembered that before the beginning of the test 
the furnace was filled with 1000 kg. of refined Basic Bessemer 
metal, which latter had to be recarburized to the required 
amount. After this the following mixture was charged: 

597.5 kg. ore + 183.5 kg. coke breeze -f 19.0 kg. lime = 800 kg., 

compared with the theoretical amount which does not consider 
the recarburization of the refined Bessemer metal: 

597.5 kg. ore + 154.6 kg. coke breeze + 19.0 kg. lime. 

The Bessemer metal had a temperature of 1650° C. The ore 
was charged as uniformly as possible, and in comparatively large 
amounts. Care was taken that the bath was always covered 
with the mixture in order to keep the radiation loss as low as 
possible; a method of working that, in general, was not hard to 
maintain. 

The slag produced during the tests was only removed once, 
and the exact amount was obtained. As the furnace used for 
the tests was mounted on a scale, the weight of the Bessemer 
metal charged and the finished material were also obtained 
exactly. The smelting of the 800 kg. of charge required 
1030 kw. hrs. 

SMELTING RESULT 

(a) Output of Slag. 

99 kg. slag with 9.12% FeO = 7.09% Fe and 2.60% S. 
Theoretically the slag should contain: 

1. From the charge 9.67 X 5.975 = 57.78 kg.. .57.78 kg. slag. 

2. Lime for slagging (3.18 — 1.77) = (1.41 X 
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The weight of this slag is imreased liy its irt«i contents 

()o X loo , ... , . 

- t)t) kg. which contains 


lOO -- (), l i 


7.00 X 00 I 

■ ^ 7.02 kg. iron. 


(b) Output of Iron. 

xooo kg. of Basic Bessemer was chargitl c*ontaining: 

C .oe>% P S . 07 /‘;»» 

1427 kg. electric pig iron were tap|H‘d with 2.(14% C, 0.0 
0.073% IN t)f which 1427 “ icx» ^2^ k| 

profiuced from the mixture. I'he tlieoreticiil amount Is- 

(1) From the ore 5.975 X 0.7045 * 420.04 

(2) From the coke ash, 

I.B35 X U.6 X 10.4 . 3.20 


423.14 


7 #03 

From this kg. iron « / went to the slag. 

” 416.13 


This weight when calculated to electric pig iron ecpials 


0.9736 


■ 427 kg. 


7 03 

The loss of metal in the slag Is therefore' t*d%. 

^ 4.3.1 14 


CHEMICAL BALAHCl 

(a) The Carbon- 

i,o<K) kg. Basic Be«#enter ifietai with 0,06% C. carbar- 

iml 102.64% (.*, miiiirr* (3.64 ~ .<RiJ i.imm) . 25.1 
427 kg. t‘lcNCtrk pig iron rontaiii 437 — 416.12 • ..... lo.HH ** 
The reduction pr«K*c« retiiurcs 5.475 X 19.97 1 19‘.t2 ** 

TW ffM’matu.m C'a.IS itO s.tws wf.. ** 


Brought in: 

597 ■ 5 tg- ore at 0.75% S = 4 . 48 kg. S 

1 ^ 3-5 kg. coke breeze at i .068 S= 1.96 “ 

20.8 kg. slag held back containing 1.0% S = . . . 0.21 “ 

6.65 kg. S 

Taken out: 

99 kg. slag at 2 . S = 2 . 57 kg. S 

427 kg. electric pig iron at 0.076% S= 0.32 


2 . 89 kg. S 

Therefore 6.65 — 2.89 = 3.76 kg. S or 56% of the to 


sulphur was gasified. 

(c) Phosphorus. 

1000 kg. Basic liessenicr metal at 0.093% P = . . . . 0.93 kg. P 

597.5 kg. ore at o . 02 % P = 0.12 " 

P brought in i . 05 kg. P 

1427 kg. electric pig iron at 0.073 i^eod = 1.05 kg. P 

(d) The Furnace Gases. 

12 C + 16 O == 28 CO 
Therefore (119.32 + 2.27 +0.98) = 


122.57 kg- ^ + 163.43 kg. 0 = 286.0 kg. CO 
183.5-- 182.0 = 1.5 excess coke- cor- 
responds to 1. 3 1 C. This was 
charged in excess, burned with 

air gives 3.05 kg. CO 

The burning takes place with 1.74 kg. 

0 , that bring in 6.54 kg. CO 


The total gas made is 295.59 kg. 

HEAT BALANCE 

The furnace was held at 1300° C. during the test, and 1 
iron tapped at the same temperature. The mixture for reducti* 
therefore, had to be first heated to this temperature after cha 


STEEL INDUSTRY 


tN the IRON AND 
euctric itirnaces in la 

I. Heat Expended. .^„^yo2o= 155 . 35 ° «'s- 

1. 597 . 5 k*-°l-X"S^ 3 ~X 0 . 23 - 

2. 183.5 k8:-graP*"“’'^vi30oXo.2i = 5.187 

3. 19.0 /from Fe,04 require 1648 

t 41I12 kg. iron reduced from _ ■! 685.765 

8. 5 . 975 Xaorkg.‘pi°t=-^-"^ , 46 “ 

quire 0.12 X 5966 ^giting 427 X 46 = • • 

7 2.076 “ 

■• -r f- “ - 

to ? 300 ° bring in 1000 X 350 X 0.2 -- • • • . • u 

Burning 3-76 kg- S to SO2 - • • - • _• carbur- 
183.5 kg. coke breeze -53 S ^ required. 

4030 k'S'Sd” The tesi ■1030X864.5= 

1 , 273.579 cals. 

Heat brought m- .. 

Therefore the efficiency of the furnace equals 

92032 i_ X2gg. = 72%. 

1273579 

■ ... the enersy aeceesary to produce i metric 

. 799°? - 81 kw hrs.j ^9r the fiiH 

dmrped .t rOso" "fl - 'pm.re.or. roj, + Sr - 

::s;:ssS"i»u« 1-1 ‘s 

ormals for the metric ton kw- 
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opening of the working doors and the unavoidable heat los 
could be avoided. 

(2) The reduction of the ore takes place satisfactorily e’ 
with the use of dense fuel, chemically inactive, such as C' 
breeze with a high content of ash. The amount of reduct 
material necessary closely approaches the theoretical, due to 
reducing atmosphere of the electric furnace. 

(3) The phosphorus in the charge goes entirely into the it 

(4) The sulphur in the charge is lowered more than half, < 
to the reactions between the oxides and sulphides of iron, so t 
lime additions to unite with the sulphur are probably unne< 
sary. 

Test 2. — In order to increase the efficiency of the furnace 
forts were made to lower the radiation from the upper surfaci 
the bath by causing the charge to project still deeper into the i: 
bath in the hearth. A suitable way appeared to be the smelt 
of the charge in the form of briquettes. The briquettes w 
made of the same mixture as used in Test No. i plus 8% of st( 
works tar. The whole was ground in a Chili mill, and pres 
in an ordinary dolomite press. The briquettes were burne< 
little before being used. An interesting point is that th 
partially burned briquettes showed 0.35% reduced metallic ir 

A lowering in the power consumption with the use of th 
briquettes could not be proved, nor any increased smelt 
efficiency of the furnace compared with Test No. i. The 
iron produced had a low sulphur content, and the chem: 
balance showed that a greater part had been gasified as S 
The same amount of ore was smelted as in Test No. i. 

Test 3.— As both tests showed that over half the total sulp! 
was gasified, and the iron was sufficiently low in sulphur, furt 
tests were made on a mixture of ore and fuel without special li 


A low sulpiuir white iron was prodiuetl, and st)tm*what i 
kw. hrs. per metric ton were lu'cessary than with Test t, am 
furnace elTiciency was s«)nu!whal hixlier; that is, the sim 
time was somewhat shorttT than witfi 'Tests i and a. 

Test 4. This test was to show whetlier an addititn 
granulated iron to tlu* mixture wtnild slunien tlie time of mel 
and give a saving in tht‘ energy consumed. It was rea 
carrying out of the so cuIIchI Lash prt>cess, which ctjnsis 
using a mixture of ore, earlHUU and slag prodiuang material 
finely divided pig iron, the charge lieing kept hmse amt p< 
with sawdust. 'The reduction of the ore is help«*d by the cai 
present in the pig iron. An exampli of a Lash mixture i 
follows: 


Iron ort' ......... 54''^ 

{'aHj-inm fuming^, i»r gr.mnl.itt'ii ston .17 

SawdiiNt 4 

I.inu'htotic 4 

"Tar. 4 

I ‘okn. . H 


mt'C, j, 

From what has been said before, it is to In* rx{'M*ctetl 
ore reduction by the Lash proce.s.s woultl give no advantage 
in the induction furnace there is present, a |it»r!iia,iieiit bat 
metal, and therefore with the ortlinary ore mixture the kri 
good reactions in the Lash priK*eHS must ta.ke |.»lace anyway, 
melting a metric ton tif |ng iron tiy the Lash proce.ss, the |« 
consumption will be rathiT tiad lH*caiise the Iron eiiclosetl if 
charge has to be melted electrically. 

I'htt reduction mixture was cTiirgecI in exactly the s.ariie 
as descrilied by laish. The rt*suli of file lesl, however, j 
neither a shorter melting time nor a lower ficwer cfirMi.iiii|'; 
per metric ton of pig iron from ore. 
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CRITICISM OF IRON ORE SMELTING IN THE ELECTRIC HEARTH 

FURNACE 

The smelting of iron ore in the electric hearth furnace, which 
is so simple experimentally, depends on two important factors 
before it can be carried out commercially. One of them is the 
power consumption, the other the durability of the furnace lining, 
that is, the costs for repairs per metric ton of iron produced. 

The durability of the lining requires that the highest tem- 
peratures, such as those of the arc, must be avoided because the 
drop in temperature is too great for it to be taken up by the 
charge. 

This question of smelting ore in the electric hearth furnace is 
therefore only to be solved by a t3rpe of furnace that does not 
work continuously at the highest temperatures, and with which 
the excess heat which attacks the hning can be carried off. In 
this case th^ lining costs will be very small, but a somewhat 
higher power consumption must be counted on. 

From the discussion above the only furnace of this type at 
present is the induction furnace, and the tests show that on the 
one hand the furnace lining allows continuous operation, and on 
the other that the power consumption is within such limits that, 
under certain conditions, successful competition with the blast 
furnace is permissible. Such conditions are first, that there are 
no special requirements in regard to the physical properties of 
the ore and fuel. Even very fine raw materials can be smelted, 
but the best are of small grain size. 

This factor becomes more important from day to day, for 
conditions continually press towards the mining of poorer grade 
ores and magnetic concentration, so that high percentage 
concentrates, small in size, are coming on the market. If these 
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sized material can be used for reduction with, at least equal 
success to one of moderate size, which means that small waste 
fuel of any kind is available that up to now has been valueless. 
Even these two points are so important that under certain con- 
ditions they will allow the electric hearth furnace to work more 
economically than the blast furnace. Also in regard to the 
purity of the ores, especially the sulphur, the electric hearth 
furnace has great possibilities because of the considerable 
volatilization that takes place. High sulphur materials can be 
smelted, therefore, with acid slags and without the lime additions 
that are absolutely necessary in the blast furnace. Only so 
much basic flux need be charged as is necessary to give a 
liquid slag. 

The concentration of the ores will therefore not have to be 
carried so far, especially when ores with an acid and basic gangue 
are to be used at the same time, for by suitable mixing a self- 
fluxing charge can be obtained. This allows the conclusion to be 
drawn, that under certain conditions the poorer iron ores can be 
smelted in the electric hearth furnace without previous prepara- 
tion, especially if the gangue forms a flux, so that the iron output 
of the charge is not lowered by the addition of fluxes. 

A further important advantage of smelting ore in the electric 
hearth furnace is that the harder steels can be produced direct. 
It is not favorable to immediately make a soft steel, for the iron 
bath is first carburized by the reducing material, so that at the 
end of the heat ore alone must be added in order to remove this 
carbon. 

In the next section of the book it is explained how this process 
is comparatively expensive. Still steel with about 1.5 to. 1.8% 
carbon can be produced direct, and if high in sulphur can be 
def;nlnhnri7.ed at Kttle cost: while, at the same time, if high in 
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the blast furnace disappear altogether, as also the production of 
the valueless “transition iron,” when the furnace is changed 
from one kind of iron to. another. Add to this the simpler 
operation, the avoidance of water coohng, the possibility of reg- 
ulating at will the temperature of the metal tapped, and no 
electrode consumption, are some of the results. All these are 
points that, under certain conditions, allow the electric hearth 
furnace to successfully compete with the shaft furnace for smelt- 
ing ore. 

THE SMELTING OF IRON ORES IN THE ELECTRIC SHAFT 

FURNACE 

The experiments made in the electric hearth furnace make 
one desirous of studying more economical methods of smelt- 
ing. The disadvantages of the electric hearth furnace are 
briefly: 

1. Low melting efficiency of the furnace during operation. 

2. Large power consumption per ton of iron produced. 

3. Frequently too high a consumption of reducing material. 

The reason for the low furnace efficiency is that the mixture 

for reduction is charged cold so that it has to be heated electrically 
to the necessary temperature. As the radiation loss increases 
with the smelting time per ton, it follows that a shortening of 
the smelting time would give a better efficiency, and this requires 
the charging of heated material. This preheating must naturally 
be brought about without increased consumption of electric or 
other energy if possible, and the hot waste reduction gases are 
available without extra cost. They are most suitably used by 
charging the mixture high in the furnace so that the gases have 
to pass through it, giving up their heat. This necessitates 
arranging a shaft on the hearth furnace. 
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If the reduction gases are used only to preheat the chc 
then the following rough calculation gives the advantage obtai 
533 cu. ni. (1880 cu. ft.) of gases are produced per metric tc 
iron, and the same may be used for preheating the charge 
be cooled down to 200° C. There will be obtained there 


533 X 1100 X 0.24 = 140712 cals., corresponding to 

864 

162.8 kw. hrs. In producing a pig iron with 3% carbon t 
would be a saving in energy of = 10.14%, which m 


16055 

that the metric ton of pig iron will be smelted with 1605 
162.8 = 1422.7 kw. hrs. 

On the other hand if the waste gases are used only for 
liminary reduction of thepre, then the following rough calculai 
are obtained for the limiting case that the CO is all change 
CO2. According to the equation Fe304 + 2 C = Fes + 2 
the metric ton of iron would only require 143 kg. of carboi 
reduction. Also, according to the equations: 


Fe304 -1-4^ =3Fe-(~4 CO 

FesOi + 4 CO = 3 Fe + 4 CO2 

, 94100 + 45000 

493000 cals, 


would be necessary. The total carbon required for the pre 
tion of a 3% carbon pig iron will be 143 + 30 = 173 kg 
1030 kg. metal, and the following heat balance is obtainee 
this most favorable case. 


1383 kg. ore heated to 1300“ €. = 1381X0.2 

X1300 =359,060 cals. 

173 kg. C. heated to 1300° C. = 173X0.2X1300 = 44i98o 
1000 kg. iron heated to reducing temperature . . =493,000 “ 
TfNnn to- irnn to mftltine' temoerature. . . = 4.7.880 “ 
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the CO2 leaves the furnace at 1300° C., and if the excess heat 
of the CO2 were further used to preheat the charge, and the gas 
allowed to escape at 200° C., then the power required would be 
lowered as follows : 

From the equation FeaOi + 2 C = Fez + 2 CO2 
168 kg. Fe produce 2 X 22.4 = 44.8 cu. m. CO2, or 268 cu. m. 
per metric ton of iron. If the heat from 1300° to 200 ° is used 
for preheating then there is obtained 268 X 0.24 X 1100 = 70752 

707^2 

cals., corresponding to = 81.8 kw. hrs. In this case, 

therefore, 1061 — 81.8 = 979.2 kw. hrs. are necessary to pro- 
duce I metric ton of pig iron. 

From this it may be seen that the use of the furnace gases 
for reducing the ore brings about a considerable lowering in the 
power required, just as well as their use for preheating alone. 
By utilizing these gases as much as possible, the electric furnace 
is relieved a great deal and the smelting time is considerably 
shortened. The idea of using the reduction gases is therefore 
justified particularly as, at the same time, there is obtained 
a desirable and much lower consumption of reducing 
material. 

As is well known, however, carbon-monoxide can only 
be used up to a certain limited amount for the reduction 
of ore because the mixture of CO and CO2 produced has no 
more reducing influence when a certain percentage of CO2 
is present. In the electric shaft furnace, therefore, one has 
to figure on a waste gas that consists largely of CO, 
and it is apparent that the carbon necessary for reduction 
will increase with increasing percentage of CO in the waste 
gases. 

In smelting magnetite the carbon necessary per metric ton 
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Per cent. CO 2 in 
waste gases 

100 

90 

80 

70 

60 

50 

40 

30. 

20 

10 

O 


Kg. carbon required per 
metric ton pig iron of 
3% C. 

138 
146 

154 
163 
173 

184 
198 
213 

231 

252 
277 


The principle of an addition of a shaft is naturally 
with an}'- electric hearth furnace that has a fairly large 
and is the easiest in the case of the arc furnaces, for thes< 
have a comparatively large hearth. The Stassano furna 
an exception, for here the charge is heated by radiation a] 
only the heat below the arc is used. Also the induction 
can be built so that it is easy to add a shaft, and furth( 
depth of bath in the induction furnace can be fixed 
desired amount a .shaft about 3 m. (10 ft.) high or over 
missible, which is completely sufficient because of tl 
amount of reduction gases produced and their slow 
through the shaft. 

In principle, reduction with gaseous fuel is always pi 
to solid fuel, for the latter only reduces the outer layer 
ore. Because of this the use of a gaseous reducing agem 
shorten the time of operation and increase the efficienc 
furnace, for the reasons already given. At first it wa: 
that, with the use of a shaft, the heat would be imm 
carried upward from the metal bath and the operatior 
furnace thereby made more difficult. These fears, h 
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In addition to the economic advantages of the eled 
furnace compared with the hearth furnace, the disad 
should not be overlooked. They are: 

1. No very fine material can be smelted, but only pi 
are not too large, nor on the other hand ore smaller thai 
nut. 

2. In smelting there is no removal of sulphur, there 
ores, etc., rich in sulphur there must be added the ] 
amount of fluxes to slag off the sulphur. 

3. The slag must be tapped as a thin liquid, so tha 
reason fluxes also must be added, which decreases th 
from the charge. Therefore at present only high p^ 
ores can be used. 

4. Only iron with considerable carbon can be prodi 
the h.igh carbon steels, and the 
subsequent refining of the iron is 
expensive. 

5. The electrodes must be 
burdened only up to a certain 
amount per sq. cm. of section, so 
that with coke alone the voltage 
must be lowered, and with it the 
furnace efficiency. 

The first important experi- 
ments with an electric shaft 
furnace were carried out by 
H6roult. 


SMELTING TESTS IN THE SPECIAL 
HEROULT FURNACE 

These very extensive experi- 
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furnace differs very much from the Heroult steel fu 
approaches the Clirod in principle. I'he lower part is 
carbon material stamped into place and consti 
electrode, wliile the other, i.8 m. (72 inclu's) lonj^, rc 
the shaft from abovt* and can be raised and lowt 
shaft is 1115 mm. (3^ -to") high. It is slightly coni 
built of hre-l)rick. 'I'he current was delivered to t 
at 50 volts pressure. 

Below are given details of these tests which are of t 
interest because the electrcKle and furnace lining sti 
at least several days. 

Test No. 13. -1110 raw materials had the foibwi 
sition: 


Wilbur ilfagneiiie, 


Si( >a ' 

t* , iu" 1 


{.■(,.( ) ,st.l 

55 ■4-’ i 1 
23 -'M 1 

I'V 

AW)| 

a.SO'r 


( 'at ) 

i.m>* , 


MgC) - 



Mat) 

o, 25 H*,< 


IV.)5 - 

S 

<J.U 23 Vt 


t'Oj “ 

3AKwp.; 




Charcmil^ 



Moist lire 


r4ex»'X 

V< »la 1 1 li' n Hitter ^ . 


Fixed earbati «*« 

55 . 

Aah 


2 . 54% 

S 

m 



Sandf 
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The test lasted 6i hrs,, 25 mins. The results were: 

9573 • 23 kgs. ore smelted 
2973-75 “ charcoal smelted 

540.23 “ sand smelted 
5832. “ ])ig iron produced 

402. 67 " charcoal used per metric ton 

1726 kw. hrs. used per metric ton 

The analyses of the pig iron and slag were: 


Pig iron: 


Si 

= 0.04 to 3.7% 

s 

= 0.012 “ 

0.075% 

p 

= 0.017 " 

0.029% 

Mn 

=0.20 " 

0.27% 

Gr. C 

=3.53 " 

3-70% 

Total C 

= 3.92 “ 

5-18% 

Slag: 

SiOs 

=39-30% 


P205 

= traces 


MgO 

=27.06% 


FeO 

= 1.21% 


AbO* 

= 18.87% 


CaO 

= 15-55% 


MnO 

= 0.35% 


S 

= 0.32% 



In regard to the charcoal used the theoretical amount nece 
sary was determined as follows: 

In I metric ton of ore there are: 

Fe as FeaOs == 387-94 kgs. 

Fc “ FeO = 179 -21 “ 

Slag-forming constituents = 176.00 “ 

From this we may calculate the theoretical carbon require< 

387.94 kga. Fe reduced from FesO® by C forming 

CO uses == 124.52 kg. C 

179.21 kgs. FeO reduced by C forming CO use . . = 38 . 35 kg. C 


JLU 


f '^Ooy ~ -6^U.V^ JXg* VO/i. IL^VJ-X* 

this that 334.2 — 258.6 = 75.6 kg. of the carbon necess 
either replaced by the volatile constituents of the cha 
else the CO produced reduced some of the ore in the 
the furnace. It is therefore clear that the thermal and 
processes taking place in the shaft are of the same r 
those in the ordinary blast furnace, whereby the electric 
is helped. 

The small power consumption is very remarkable fc 
slightly exceeds the theoretical, when the melting of ti 
taken into consideration. From this it is certain that 
is mostly used in the interior of the furnace and that 
of the heat stagnation near the arc the brickwork will be 
attacked. The test unfortunately had to be discontii 
cause of the electrode not working properly. 

Test No. 14. — (Time of test: 64 hrs., 30 mins.) 

The results were: 

4943.2 kg. Blairton ore smelted 

2936.95 kg. charcoal 
338.23 kg. limestone 
88.71 kg. sand 

5386.71 kg. pig iron produced 


1968 

kw. hrs. used per metric ten 

545 

kg. charcoal 

Analyses. 


(a) The 

ore: 

SiOa 

— 6.60% 

FeaOa 

FeO 


AI2O3 

= 1.48% 

CaO 

= 2.84% 

MgO 

= 5.50% 

Mn 

= 0.13% 

PaOg 

= 0 - 037 % P=o.0i6% 

S 

= 0.57% 

CO2 

= 4-923% 


and loss on ignition. 
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(b) Limestone: 


SiOa 

= 1.71% 

Fe208 AhOa 

= 0.81% 

CaCOs 

=92.85% 00 = 51.96% 

MgCOs 

= 4.40% MgO =2.09% 

P 

= 0.004% 

S 

= 0.052% ■ 

(c) Pig iron produced: 

Si 

= 3.05 to 5.15% 

S 

= 0.027 " 0.332 

P 

= 0.024 “ 0.037 

Mn 

=0.07 “ O.II 

Graph, car. 

= 2.72 “ 3.46 

Total car. 

= 3.54 “ 4.16 

M Slas: 

Si02 

= 33 to 37% 

AhOa 

= 9 " 18% 

CaO 

= 18 “ 30% 

MgO 

=21 “ 30% 

MnO 

= o.oi “ 0.05% 

FeO 

=* 0.4 “ 0.9% 

S 

= 2 “ 3% 


Test No. i6. — (Time of test: 38 hrs., 20 mi 

The results were: 

2175.6 kgs. Calabogie ore smelted 

1611.7 “ charcoal 
587.9 “ limestone 

34.1. “ quartz 
3246.0 “ pig iron produced 
497.0 " charcoal used per metric ton 
1970 kw. hrs. per metric ton 


» 6.06% 
« 1.00% 


Analyses. 

(a) Ore: 
SiO* 
FeaOs 
FeO 
ALO, 
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(/)) Charcoal: 

Moisture • 

Volatile matter =20.6o'‘« 

I'"ixed carlxiu =74.40^ 0 

Ash - 2.80* ;* 

(f) Litne.—Thc same limestone was used as in 'I'ej 
No analysis was made of the (|uartz. 


id) Pig iron 

produced: 


Si 

'■■■ 1.22 toa.o.V’,', 

S 

I! ().(h8> “ 

o.(K»8 '’,') 

P 

0.047 " 

a.imC 

Mn 

» 0.07 “ 

0.12% 

(iraphitic (' 

- 3.87 ** 

4 - 55 '‘« 

Total C 

« 4.40 " 

5 -< 8 »% 

(e) Slag produced: 


SiO, 



AlaOs 

9.67*:;, 


IM\ 

^•3 0.014% 


CuO 

-36. 14% 


MgO 

^^20.82% 


MuO 

» 0,14% 



FeC) » 0.73% 

S - 1 . 23% 

CRITICISM OF IRON ORE SMELTING IN THE HE 
ELECTRIC SHAFT FURNACE 

The three tests given above show the ftdlowing coi 
of i)ower for tht‘ pnKluction of one metric ton of pig ir 

Kw. Hrs. Charcotil kg. 

1,736 46 j 

L9^>8 545 

L97« 497 

Averagt* 1,888 501 

This power consumption is gcxKl, exactly as in all 1 
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cannot lead away the excess heat near the arc through 1 
to the throat, so that the lower part of the furnace is r 
(juickly destroyed by the ‘^stagnant heat.” 

The intended prereduction of the ore is broug 
although only to a moderate degree, so that the ca 
sumption is still high. The long electrode hanging in tl 
is shown to be a mistake because it is continuously e 
mechanical wear, and is also chemically attacked b^ 
rounding ore mixture. Because of this delays in oper; 
be caused. 

From all this it follows that the problem of el 
smelting is not to be solved by this Heroult type o 
because electrode consumption, delays in operation, 
lining costs exclude economy. The quality of the r 
duced, on the other hand, is good. Phosphorus and r 
are completely reduced, the slag can be kept low in iroi 
production of low sulphur pig iron of any desired 
possible. As a reducing agent lump charcoal and also 
can be used. 

THE SMELTING OF ORE IN THE GRONWALL, LINDl 
STALHANE ELECTRIC SHAFT FURNACE 

Gronwall, Lindblad & Stalhane knew that the a 
reducing gases developed was not sufficient to carry 
of heat present near the arcs from the lower part of tl 
to the shaft where it could be used economically for j 
the charge. They therefore increase the amount ( 
forcing into the lower part of the furnace, by means 
part of the waste gases drawn from the throat. Th 
is regulated so that the excessive heat, which would sc 
the destruction of the lower part of the furnace, is driv€ 


tuyeres. The extensive smelting tests carried out with a 
of ores allow a definite opinion to be formed as to the p 
efficiency of this type of furnace, and show that the 
more difficulty in making iron with 4 per cent, carbon 
electric furnace than in the ordinary blast furnace.* 
etically, the direct production of the harder steels is a 
sible, but experience has shown that such steels do not 1 
required temperature, and must be tapped while thick 
which leads to troubles in operation. 

In regard to construction the furnace, has shown t 
expected advantages are obtained. First with refer 
avoiding the stagnant heat in the lower part of the furnac 
would lead to rapid wearing away. In the first test f 
which were built either with hone or a very small sh 
reducing gases escaped at 70° C., but with the new cons 
the gases at the throat have a temperature of 200° C. to 
(see Fig. 129), and the radiation loss of the shaft is also e^ 
by these hot gases. 

From this it follows that the lower part of the furn 
stand up better during operation, but the efficiency 
furnace will not be so great, that is the power consi 
necessary per ton of pig iron will be higher. 

Second, in regard to preheating and preliminary re 
of the ore, while smelting the ore in the electric furnace 
no shaft, only pure carbon-monoxide is produced, th 
gases in the electric shaft furnace give the following anj 
In igog In igii 

a Charge of Red Hematite Fe^Og Charge of Hemati 
CO2 =45% CO2 CO H CH4 1 

CO =40 27.2 57.5 14.8 0.0 o 

H2 =15 . 

h Charge of Magnetite, Fe304 Charge of Magnetite, Mch. 


C02 =30% 

C02 

CO 

H 

CH4 

. 

, 12.6 

71.9 

13-0 

1-7 


19.2 

59-7 

17.6 

2.5 


*See American Electro-Chemical Society, p. 400, 1911. Robei 




Gas seat to avoid 
eutranoe of 
cxtnuieous air 



Kl.l-'.CrKK’ Fl’KX’ XfKS l\ I’lIH !UO\' AND STHFI, 

turcat tlirfoot of thr shaft (Point No. i,in I*%. 125 
aiu! at point No. 4 at 451 ‘ Flif rtaniings at poin 
(lisrontinund, hut frtan thr other tigures given it w 
that the temperature at tliis point is not heltnv 

As the gases in tfie elect rie shaft furnaci* It'uvt' t 
200“ to 250*’ C., tlie chosen heiglt! of shaft of 5 rnetr 



Fig, 125. ‘rtui Grt'mwall, IJmihlul and Sl.tlham* Curtsaci*, tt 

is more thijm sutlkient. With tlte use of the Lani 
this height can be lowered, and wit It the use of the I 
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This is shown by recent experiments in the production 
hydrogen in large amounts which consist of strongly 
iron ore in a muffle furnace, and treating it with water-ga 
ore is reduced, yet almost the whole of the hydrogen pas' 
the furnace unoxidized, and is used for heating the furnac 
reduced iron is then employed to produce pure hydro 
passing steam over it. 

Ifflat an active prereduction takes place in the 
blast furnace is proved by the gas analyses, and th( 
brought about in this way should be considered in cal 
the amount of the reducing agents to be charged. Thii 
is based on the ratio of CO2 to CO in the waste gases 
for example, in the case of magnetite may be 40 CO2 
The gas contains 100 carbon to 140 oxygen, the latter 

from the magnetite Fe3 04, the amount being 31 

4 

is to say that the reduction process is based on the 
35 Fe804 + 100 C. According to this 35 X 3 X 56 j 
iron and (100 X 12) -f 3 parts of carbon should be cha 
the i)roduction of a pig iron with 3% carbon. If the 
of CO2 in the gases falls below 30%, then there is an e 
raw material over the carbon present for reduction, 
more ore enters the lower part of the furnace, and some ac 
material rich in carbon must be charged. On the oth( 
if the charge contains too much carbon, then the lower 
the furnace becomes filled up with it, and some addition 
carbon material must be charged. 

In regard to the slag, a singulo-silicate is the best, 
formula Si02 2 CaO, and the proper amount of lime to 
this must be added to the charge. As with the ordina 
furnace so also here it is not profitable to run too basic a 
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of pig inm nalural!}' dfponds uti tlu* anH>iint uf sia| 
be melted, because it must be tappeif in a llutd tauu 
Technical knowleilgt' in upu was sm li tliat on 
centage ores witli t>5 to 68^ iron coulti be stu'cessfi 
which were as low as possilde iu sulphur, ami wlik 
gave more tliau lo^ ^ of slag. 

Further |)rogress was made iu the t«|io au<l ic) 
that ores rimning as tow as 5.p.!5^ ^ irtui ami coiitar 
phur (Nordmarkeu tanirse washetltirel were successf 
Ores with high sulplmr sluiuhl therehire be ro 
smelting in order to reduce the amount td lime net 
atlded to the charge*. I'his roasting is comparative 
ores with an acid gangue, an average result with Sw< 
tite showing: 

ro.iHttag 0.7 ?itttulujr 
.tfn-r i4 lioarn t».a 

“ 4H «u '’c'l 

With a large electric sliaft furnart* pijint tfie wa 
be u.sed for heating the n»a,stlng furnaces. Oertai 
swell during niasting, dt» not break up, but cha 
hematite. 1‘hi.H change probably only maktes soim 
the consumption of reducing material and electrii 
in the ordinary blast furnace tc» parts of magne 
parts of coke, while the same amt)unt of red hema 
parts t)f coke. Fortunately, iletinile figures on llr 
been obtained for electric furnace woft, and are as 
These are taken from the ipio and ipii: IToi 
In thost: singkal out h>r comparison ores of aliout t 
content (65%) were chemen. 'I'he first test lasti 

it‘8ult« an t'loM'ly uh with I In* trr.iOiiriil < 

by the wclinary blunt turiuu-i* nowfiN, 
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secutive hours and used 1,760,884 kg. (about 1,760 
natural magnetite ore. The charcoal used per ton of iroi 
415.7 kg. (914 lb.), containing 70.5% C. The second t 
193 hours and used 223,626 kg. l^about 223 tons) of : 
ore of which about 87% was roasted. The charcoal 
ton of iron here equalled 376.3 kg. (829 lb.), containing 
The slightly higher carbon in the charcoal content of 
case is perhaps offset by only 87% of the ore, in this ca 
been roasted, thus making the comparison with ra^ 
roasted ore better, and about as it would be if in the 
all the ore had been roasted and the charcoal in each 
tained the same carbon content. The reduced amoun 
coal used for the roasted ore is about the same as wit! 
blast furnace practise, viz. 10%. 

Ores with a basic gangue give great trouble in ro£ 
the sulphur forms gypsum, and the intended reduction ; 
is prevented, therefore such ores high in sulphur shot 
used in the electric shaft furnace. 

Fairly rigid requirements are also necessary in th( 
properties of the ore to be smelted. The most suita 
that of a large walnut, and only a little pure ore 
present. Lump ores have, therefore, to be crushed 
can be used which give a considerable percentage 0 
crushing. This is sometimes a great disadvantage t 
the brittle character of many magnetites, etc. The 
agent also ought to be about the size of one’s fist, as 
possible, and fine material can only be used with diff 
in small amount. 

Formerly, i.e., in the earlier tests only charcoal 
used, or a mixture of coke and charcoal. Since then, 
a 3000 to 3500 HP furnace of the Gronwall, Lii 
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that is to say, charges containing about loo kg. (22c 
ore. In the larger furnace of uui the average charg 
6 months’ period was 425 kg. of ore (037 lbs). One-lni 
ore should be thrown around the outsiile, and the rest 
reducing material and lime in the centre. If the cha 
placed only in the centre, the ujog furnace would eas 
ordinarily due to the .separation t)f carbon. Eighty 
containing 8 metric tons of ore were smelted in 24 hou: 
with a 65% ore gives a total t)utput of 5.3 to 5.4 metri 
metal, obtained at intervals of 6 hour.s. Because of t 
amount of slag, it was alloweil to remain in the furnat e. 
tapped together with the metal. 

The results confirm those already obtaiiu'd with the 
furnace, namely, that the smelting process is the .sanu 
of the ordinary blast furnace, so that from a correspor 
any de.Hired pig iron can be obtained by running a suitj 
ami regulating the furnace temperature. With a h 
perature the iron contains more carbon, and if at the s; 
a basic slag is run the manganese of the ore is completely 
and a low suli)hur iron is obtaineil I)et*ause of tlie con: 
moval of the sul|)hur in the slag. I’he silicon contt 
running a basic slag and high tem|x*rature iiecrease.s, a 
these conditions a part of the phosphorus can remain u 
in the slag. On the other hand if the slag is acid the m 
is iiartly slagged oil, and with high lem|K*ratures a hi| 
iron is obtained. Just the .same conditions oljtatn hei 
fore, as in the ordinary blast furnace. In o|HTatk>n it 
iesirable to prtKluce an iron as low in carbon as |K>ssib 
is the most favorable for foundry pur|)oses, and also i 
quent refining into steel 

In regard to power consumption, in the tests endini 
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The reducing agent weighed 354. kg. (779. lb.), and 
sisted of 41.7% coke and 58.3% charcoal, and a total of 35. 
was necessary, which corresponds to a consumption of 28% 
carbon. From this data the efficiency of the electric ! 



Fig. 126. —The Grcinwall, Linclblad & Stalhane furnace. Late.st dcs 



that for the smelting of 13 X 3 X 56 = 2184 kg. iro] 

480 kg. carbon are necessary, or for 960 kg. iron ^ 
210.99 kg. 

65 X 28 X 364 kg. silicon reduced from silica re 

12 = 240 kg. carbon or 10 kg. silicon require 6.59 k 

For carburizing the iron, 30 additional kg. of 

necessary, so that the total requirement of carbon ] 

the production of i metric ton of pig iron amounts 

6-59 + 30-00 = 247-58 kg. (545.8 lb.). 

From this there is formed (210.99 -f- 6.59) 

594.72 kg. waste gases (1311.1 lb.). 

With an output from the charge of 60%, 960 kg 

, - 960 X 100 . - . , 960 X 10 

a charge of - = 1600 kg., with - — 

kg. Fe304. This will produce 1600 — 1325.71 = 

slag from which ^ = 21.43 kg. silica are 

enter the iron, leaving 274.29 — 21.43 = 252.86 kg. 

Heat requirements . — The combustion of i kg. 
ducing the waste gas analysis given above creates (o., 
(0.7 X 2470) = 4153 cals. 

Reduction of 960 kg. iron from Fe304 = 96oX 


1648== 1,582,' 

Reduction of 10 kg. Si from Si02 10X7829= 78, 

Smelting and overheating of 1000 kgs. pig 

iron = 1000X280= 280, 

Smelting and overheating of 252.86 kgs. slag 

252.86X595® 150. 

Heating of 594.72 kgs. COa and CO to 200° C. 

594.72X200X0.245 = 29, 


2,119. 


Heat Supplied: 

Combustion of 217.53 kgs. carbon = 2 17.53 X 

4153“ 903. 

Leaving to be supplied by the electric current 1,216, 
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iron IS 


The theoretical amount of ptiwer necessary for looo 
1 , 2 1 1>, 357 
864.5 

As 3181 kw. hrs. are required daily per metric 


1408 kw. hrs. 


efficiency is 


1408 X 100 


3181 


44^J(. 'rids low ethcieiuy 


in the iqoq tests is for a small lest furnace run witli 
supervision. 'Fhe remaining 51/ is lost f)y radiation an 
In this respect nu'asurements have shown tliat the wat 
of the three (‘lectriKles carried away aliout s io kw. hrs. 
This gives a total loss of 0103.5 X i -o for the entirt 


228.420 

test, which tajuals 228,420 kw. hrs. or ' 815. 

815.7 V 100 

per metric ton, which etirresjionds to ' - 


the elect rie eiuTgy supplicil. 
25.6 ='■ 30.4^,'f'j of the energy i 



Pin. 12H. —Mwlifu'd n.w rirrti- 
lati<}ii ijf njfi2. I.huL 

hltid & Stulhune faraa*'**. 

cubic contents inc*rease fastei 
furnace. Most imfiorlaiit. In 


I'hrough railialiiHi a! 
h>.st . 

It sluniltl now he < 
whether and lay httw 
effnaeney t'an be inert 
a larger plant. Watt 
will still have tti be usi 
this res|HTt the ellteii 
.Hfareely be IiuTeaHe* 
from this the high v 
sumption, amount ing U 
gallon per second («♦ I 
disiigrt*eable atltlilioii. 
other hami the radii 
would be smaller lie 
than the ratiiallng sitri 
vever, is the hiet that 


THE ELECTRO-METALLURGY OF IRON AND S 




they have a higher thermal loss (Chapter VI, Part 
more than equalized by the increased efficiency. At 1 
Falun carbon electrodes were used, for there is no ph 
making graphite electrodes. This 


dependence on electrode plants is 
necessarily very disadvantageous for 
all countries not having them. Ex- 
periments should be made to in- 
crease the life of the electrodes by 
mechanical means as much as pos- 
sible, or the electrode consumption 
is proportionally high. It will not 
be much lower with a large furnace, 
as the electrodes are attacked be- 
cause of their contact with the 
ore. Finally the consumption of 
reducing material is very much 
higher than it should be theoreti- 
cally, which of course is also not 
desirable. 

Below are given some details of 
recent test runs in larger furnaces, 
and it may be seen how these theo- 
retical considerations have worked 
out in practise. 

With regard to the run from 
Nov. 15, 1910, to April 9, 1911, in 
the newer Gronwall, Lindblad & 
Stalhane or Swedish Ludvika Elek- 
trometal type furnace, 1882.496 kg. 
(about 1882 tons) of iron were 
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kg. (22.6 lbs.) gross, und ^.2j kg. (n.fi Ibsd iu*t, |h*i 
iron, produced. 'Fhe jH'r ct'iit. <»! irmi in the un* was 
and the per (A'id. iron In tlie tiiarge . I In- 

agent weighed 4itS kg. (tr-'o lbs.> |H*r !<ni «»! iron pnidi 

consisted of c'harcoal <uily, ha\ing a lontcait of 

The pig iron may again be taken as mnlaiiiiiig d , ^i! 
3% carbon, which leaves gt/ inm. I lie a\ eruge o! t 
produced consisted of 23^ V fit), it/ ^ H, / t C 

5% N. From this data the elFicieney of the ehnlrir 
furnace may again be calculat(*d as before, anti in this 
efficiency is considerably higher, fieiiig afioiit ></ f . 

After the furnace at 'Frollhiittan was shut down fron 
September, 191 r, in ordtT to make such changes as the ti 
of the furnace had demonstrattal wcnihl be benelk ial a 
repairs as were necessary, tlie furnace was again put if 
mission. During the run from Sept. 3 to Sc'pt. 30. 5^ 
of pig iron were produeed. For eaeh melrit Itni of pig i 
kw. hrs. were used with an eieetrode tonsiti«|ition tif I 
TO kg. (22 lbs.) gro.ss and 5 kg. fit lbs. I net. ‘Fhe irti 
ore was 67. 65^,'^ the iron in the ore ami lime was C15.C 

reducing agent weighed tmly 339.1) kg. now I74S ibs.l. o 
of charcoal. With the sanu' carbon eontetd as Indore. 7 
equals 245 kg. or 24.5^ 0 ptn*F carlnm. From thin < 
efficiency of the furnaet‘ ran again In* ealeiilated and tig 
to 80.5'’/^^ This corresponds to an output of over 5 to; 
iron per kilowatt a ytuir. 'Fhe above rllteieney eor 
favorably with the Swedish ehareoal blast furnace of ^ 
with 70% the usual coke I)last furnace. 

As a conclusion it may he sai<l that the tkimwall, 1 
& Stalhane electric shaft furnace is j>robftbly the first 
furnace in which ore has been smelted In .some degree 
cially. The weak point has been the furnace rwif. wliit 
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consumption show that the furnace can be employe 
especially favorable operating conditions. The prin 
rate, especially with regard to making the roof of tt 
of the furnace more durable, as far as possible witho 
water cooling, and so increasing the furnace efliciei 
place the Lyon experiments conducted at Heroult 
with the Noble furnace, should be mentioned. T 
details are taken from a paper by Otto Frick, in . 
and Chemical Engineering, December, 1911,- on 
Reduction of Iron Ores.” 

The Noble furnace is of the same type as that at 
and like it in all essential points. This, howevei 
result of mutual understanding or communication, 
tion is given of the furnace at Heroult by Fig 
furnace has now (1912)’' been rebuilt seven times, 
single-phase transformers, each of 750 kilovolt ai 
nected to a three-phase system of 2200 volts and 6c 
The low tension current is supplied to six graphit 
These electrodes enter into the charge as far as ] 
in this respect the practise dilTers from that at Trollh 
a space is left between the electrodes and the c 
pressure of the charge on the electrodes is very nei 
their breaking strength, so that the additional force 
a sudden descent of the charge easily causes their 
the conical screw joint. This strain can be redu< 
mately 30% by lowering the inclination from 35° 
much improvement can be made in the joint. 

No accurate figures are at hand as to the power c 
but it has been stated by the manager of the plan 
averaged 1940 kw. hrs. per ton. 

With regard to gas circulation it has been found 

to II <40 in tPo TsJnhlo fnrnnro whore the el or. trod 


\7it KLF.t'THU- FrKWt FS !\' IlIF AM* Sll-:! 1. 


I. Watrr ctwiing l«»wi*rrii ;is iiuh-|i as 

i. llu' rlrctroilr lowi-ml. .iiml ' 

;ltmr away with as iiiiiili a.^ |H>s>ihli*. 

I'hf ratliatiini h»ss luwrrtHl !.*>■ tlir siitrlltug r 
raised as miu'h as |H*sstble. 

A The waste gases ettiiiiHised t»t only |iyre e 
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avoided, which brings about great heat loss, and necessitates 
complicated furnace construction. Further great durability 
the furnace lining is only possible if the high initial temperatu: 
of the arc is avoided, and the most suitable moderate temper; 
ture used. This requirement is only met by the induction furnac 
for on the one hand electrodes are not used at all; and, on tl 
other hand, as the experiments with the hearth induction furna- 
have shown the furnace lining is hardly attacked at all wh( 
smelting ore. An induction furnace with a wide hearth and 
shaft built above is the one to claim the greatest interest f' 
smelting ore, and so much the more that it can be operated ; 
the highest temperatures if required. Any height of shaft a 
be chosen, so that the waste gases can be efficiently used t 
prereduction and preheating of the charge. 

The radiation loss decreases with a larger furnace for tl 
induction as for other furnaces. 

In regard to the requirement that only pure carbon-dioxid 
at a suitable temperature, should be given off, as waste gas, 
is well known that carbon-monoxide loses the ability to redu( 
ore when a certain percentage of carbon-dioxide has been forme* 
It is therefore theoretically impossible to have a product of pu 
carbon-dioxide when charging ore and fuel. 

I'hc complete utilization of the waste gases is therefore on 
possible if they arc burned afterwards, and used as much ; 
possible for preheating the ore. 

This preheating favors smelting only in that reduction 
made more easy by an increase in the degree of oxidation, ai 
also because the sulphur contents are lowered so that a low si 
phur iron can be obtained without the addition of more flux to tl 
charge. With finely divided ores the roasting also brings abo 
a certain amount of agglomeration so that under these co: 
ditions fine ores, concentrates, etc., can be smelted in the electi 
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'riu use of coal dust tiriug whicli is riHouiine 
heating of these* furnaces is un.suita!)le, as it gives 
fuel costs, and tile asli ol the ct>al makes the ore h 
producing material so tliat it is more uiisuitahle ft) 
nace work. It is, tluaaidre. neees>arv !t) operat* 
gases, anti an addition of producer ga^ Nlaniltl ttnly h 
the difference in prict* fugwi'en line aiul lump t»re 
great to ht'ar the increaseti tost in fuel neetleil lor tf 
of the protlueer gas. 

Such an ore, however, greatly preheatetl, canmi 
directly whth the reducing material, as it is immetlia 
forming carhon-mumoNitle. ami st» reduces the luritaj 

'Fhe greatly hea,tt‘d ore must be i1iargt‘d ak 
reducing material introtlucetl in the hearth tjf the fi 
deepest zone tif the shaft. ‘Fhe p{i>‘sii.d etaulitio 
(hieing material is mtt imjiorlaiil, it solid, the tnosi 
is tine grained. \’ery small fuels and even valuelc 
Ih* list'd with ctimpk'te success. 

Also fluid reducing materials Hiich tar, pel 
oil resklues of all kinds can be used. 'Fhis is of sfi 
to thcise etmntru's which at present innsfiniport coki 
because these lk{uicl fuels dm* to their liigti heath 
low ash ctmtents are liroughl in at miirli niort* favi 
rates. Finally gaseous rediii'iiig agents of all kimls 
such as producer gas. 'File carlMmalioxIde should 
IKissible, and if fuels with much moist lire are used, 
Ijrown eoal, t*tc.,the gas should be cookni as thoroiigli 
to remove the rnoi.sture 1'he troublesome precipi 
exi>i‘riemt*t.i in the cooling of prtKlucer gas k no dis 
the electric furnace, as oppost*d to other fiiriiaces, ft 
be collected, dried In centrifugal mnehines and used I 

u e i ii**? n tf tn ttrkn t 
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In this way it is possible to considerably reduce the consi 
tion of reducing material, and to come very near the theori 
minimum; which, in the case of magnetite and the produ 
of a pig iron with 3% carbon, is 143 + 30 = 173 kg. of cs 
(381.4 lbs.) per metric ton. The best figures reached so ; 
already mentioned are 245 kg. of pure carbon- when maki 
pig iron with 3.64% C. 

After nearly a year of further experience (215 days) in op 
ing the furnace at Trollhattan, LeJJler and Nystrdm contribu 
supplementary report of 98 pages, to the meeting of the 
kontoret at Stockholm, on May 31, 1912. It is not possil 
do this report justice here by any abstract of it, still it m; 
instructive to mention some of the improvements recently r 
The new gas circulation system was altered to better dr 
gas returned to the furnace. Fig. 128 shows the latest d 
and is but little different from its predecessor shown by 
127. The cooler acts on the condenser system and require 
liters of water per minute to reduce the temperature of th 
so that its moisture content is reduced from 4 grams per 
meter to .5 gram. 

Both high and low grade ores were used in this run, sc 
the furnace outi)ut dropped to about 15 tons daily fro: 
normal capacity of 20 tons. This run again demonstrated 
economical operations need a rich ore. 

Fig. 129, which is reproduced from the July, 1912, Metal 
cal and Chemical Engineering, shows the temperature 
reaction in the furnace shaft. This abstract goes on to s: 

d'hc temperatures of iron and slag issuing from the fu 
varied as follows: 


Iron 1230“ to 1420° C. 

Slag 1290° to 1460° C. 


A larsre table Rives the temneratures taken at 8 points : 


3 S 0 KI.KC'TKIC' Fl'RXAt'KS IM THK IROX A\l) SI'KFJ. I 


up; while near t!\e wall it is 420 ’ to 5()5 ' at the lov 
down to 15“ at the highest. 

'Fhe measured jitaxxaitage of CO- shows that rh 
place ordinarily only oiu* tiuartta* way up the shaft 
and a little ovtT one-half way up in the centre. 

'File extent of tlu‘ y.oiw of rt'duction by CO is ( 
in Idg. i2g, in which also some* tem[H‘ratur('s art' iiu 
i'ooliiii* ll'u/er, 'Fhe contacts and jackets throu 
c'lectrodes worked weri' water coo}e<l. 'Flu* heat 
thus varied from 172 to i88 kw., or !o..}7 to it; 
14.50) per ct'iU. t>f tile power used. 

Thermal Haiance. Fhe lieat halanct* pt>r iocx5 k 
is workt'd out for tlie four weeks, Sept. 5 to Ot't. 1, i 
tlu' averagt' power used lliigh tension sidt*) was 14 
the power consumptuni 174(1 kw. hours per ton of j 
ores worked wen* the rich 'Fuolluvaara ores. 'Fhe 
is, per kg. of iron; 


('uiijlnisiMm t' til (‘(h. ....... . 

5<>7 (' 

aloricH 

t utuhusiioa t ' to 1 4) . 

.... 

•< 

{•’.Ifctrie ciuTRy 

. ... 1504 

* * 


2453 e 

'alorie-t 

(’cjiisuuHMi in rcdncitotiH. ...... 

. ... lUioralorH". 

! of linu‘Hn»tn>. . . . 

45 


i'A’aj (oration of wafer 

... 24 

• 4 

Sen.Hildt* lit'.u in throat Ka>n‘H, . . 

. . , Jfi 

VI 

SeiiNtldt* Iteat in HlaK 

• • . 75 

1 j 

Seiisitde tteal in |»i |4 iron. ...... 

. . . :u>o 

14 

C tmling w.iter . 

. . . ni5 

H 

i.oht in transfortiHT?*. 

44 

41 

I.o«t in roiitluetorH, 

. , . 44 

41 

Radiation and I'ondtirt ion . . . . . 


41 


2453 fiiliirit'H 
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calories per ton of iron, or 22.9 per cent, of all the heat ( 
generated in the crucible. Since it carried with it 2 
water vapor and 174 kg. of CO2, both of which are d< 
by the glowing carbon, the net heat absorbed in the 
positions is 160,283 calories, or 10.7 per cent, of tj 
energy used. The gas circulation therefore transferred 
and chemically 33.6 per cent. = 1/3 of the electri( 
used from the crucible into the shaft of the furnace. 

Some later operating data are published by Orten- 
the Canadian Engineer, of May, 1914, of these furn 
making electric pig iron of three qualities as follows: 



Si--% 

Mn— % 

P— % 

I 'or open hearth treat- 
ment 

.40- .60 

•30- -50 

.oil-. 018 

I'or Lancashire trcal- 
ment 

.20- .30 

.20- .30 

.011-. 018 

I'or Bessemer t reatment 

I . oo-i . 40 

2 . 50-3 . 00 

.015-. 019 


Experience has shown that a much more constai 
is obtained from the electric than from the old bias 
one of the reasons for this being the large receiver in 
part of the furnace which acts as a regulator of tl 
'Phe reason for the high Si and Mn in the Bessemer 
the temperature of the electro-Bessemer pig is lowei 
ordinary Bessemer pig from blast furnaces. The 
obtained points to the following results: It is cheap( 
spicgel than gray pig because: i. More current c 
through the furnace. 2. The current consumption 
3. Thus the production is higher. 4. The electrode 
lion is lower. 5. The repair costs are lower. The 


HH ‘2 !'■ I.KC I'KH ' R\At i' JHl 1 K‘>N ,\\l» > 1 1 -. 

suinplioii y rorr<*s|H»ii<ltni:l^ luwrr. * !'♦ 

elcrtnHics fin’ tin* loatl. Ktnriitl) llu* i;a> trniii 
IxTii us<*c! as fur! imtirr tlir M|>»ii hr.it lit-., ami 
tu 75 ti'llts IH'f ttm <»l' rlr» ll'ti |»ta, 

(»f fliHlrtr pig ill liiiistir*! ‘.Ii'r'l '.h!»«s that fitr 
mtukt* iH’ttrr slrrl. Soiiir ti! I hr Litgrl’ lliiii.itr- 
8,000 h.p. 

It was tli.it tthni ii".iiig lokr 

hftttT ti» t>|H‘ratt* »»li hlirni iliiir, t** Irrp llir pli 
thiwit. thf tallrr riNiui' wlirit Imm iim. h i'ih i, 

Kighlirll »>l ilir'm n}r^t.l^r^ arr iimw in ujifi'. 
all in Si'amiitiavia. It Itan hmi iMtitui th.il tin 
rirrtrii' wiiittluii itirmnr is itita Ii '.iiiipiri tin 
furiuii'c*. Lrss l.ibor y miiiim! aial im inutr 
than with a bl.mt iuniasr I'lir iiiiltal 

tmlpiil is also liiWTi'. 

For a plaiil of ibrrr liiriiairH tii It p, t 

fiillowlnpt stall atiil latMif wiitilil In- rr»|iiif"r*l : 1 1 

otw aHsis-ttllil. two i'linpi''ts, lliri’r iurrmrn. Iw« 
mrii iii rai’li of ilirrr *4iiit‘>.. ilrluw r. givm llu 
thi*r fotitiniiiiiis run »4 otir Inrti.tii- lirlmigiiig h 
Wi*rks A. B. Ir*«ii < Ii1i4.rr i , i»ii t«i sr|iii’fitlirr 

Ntimirr of rliar^r* 

WVijflii «f iurr tie'll, Imiis tmriitf'l 
Wiiglll *»f !.«»«?» 

Wrinlil of I'liiirr'iMl, Isiiii 
PriMitit'ril |iig if Jill, 

Wrigifl «f «'tl4frHii| !iw'»i j«-i !»*« .4 f«»s |t» 

ifittll MHfllltrt' *4 inwjf's #tiijrari|j' «■.•» J'iis.i!, It* 

I'liial |^m"rr rM»}»nt«r*l. !.». }»< 

*l*wl4l l^wrr *'rni»t}j«r»l |»*i is«t«, l.» l»» 

Wriulil t*f iii^ ir»w jit«»iiin-4 }«'i t li !• %r 
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was run by the Swedish Association of Iron Masters with ; 
to establishing the practical success of the system as v 
to give the various members an opportunity of trying 
various kinds of ore. Thus, in the table below different 
of ore were used during the period indicated.) 

The ore from Kiruna anti I'uollavara is of the highest c 
obtainable in Sweden. It will be seen that the output 
furnace as well as the consumption of electrodes depends ; 
on the (iiiality of the ore used. 



1 

Oct. I, 1912 

Jan. r, 1913 

April 

Period 


to 

to 

June ; 



Doc. 31. 1912 

March 31. I9I3 

«)f rhjii'Lres 

b,l93 

1,047 

7,107 

223.3 

7, 

Kiruna A ore 

tons 


'Piiollavara ore . . . . 

........ tons 

973-4 

123.3 


Klacka-Lerherji ore 


885.6 

1,453 

I, 

Fer.sber^ ore 

tons 

8.82 

47-97 


'total ore 


2,914.8 

3,047.6 

3, 

Limestone 


169.94 

252 . 8 


t'hareoal 


699 

719 


Pig iron iirodueecl . 

tons 

1 ,905 . 86 

1,933-32 

2, 

C'hareoal per ton pig iron. , . .lb. 

825 

835 


Acttial working time hr. 

2,158.5 

2,113-7 

2, 

('ouHunuHl power, kw.-hr. .. units 

3,957,565 

4,095,588 

4,216, 

C'onHume<l power per ton. .units 

2,076 

2,118 

2, 

Prod need pig iron 

per kw.- 







4.22 

4.14 




IVoducetl {ug iron 

per h.p.- 





toms 

3.10 

3-04 


j • - " . 

('onsumption of electrodes, 



total 

totis 

5-307 

8.670 


(.'onsumjHion of 

electrodes 



(4 kg.: 

11). 

(2,78kg.)6.2 

(4.5kg.) 10. 0 

r'-" 



Each of the above furnaces now has six round electrod 


list Ki.wrKif rriiNAri'N i\ nil'' anp mi-.ij, 


they arc dubg with .i.j-cxikw. hr. tt> ihr iivt luin 
j^l.ijokw.-hr. |H‘r ipctrii' toii, 'I’tir |tlarit t imsUis oi 
umi tail* j,ooO”kw. irt»ii Uirtuiir. stih%i4itliall\ 
ami the lij^uai auxiliary aiiiKirafic*. ft* make tli 
an ccumuuic >iucc'c>> laiiM’ii mail)- iiii’^i|t%'iiigN. 

"With apiiroximairl)' the %»!«• lor 
stock, local ctJtw!iiii>ii’^ i,tiP->cfl ilirfii !** 
furnace o|K‘rati!}g couimrrt tally in SHnlm. 

"If a certain type of fiirmur i*. luuiiii li* hr 1 
make a gnule t»l for ttiikli llir ilrmaml i% liu 
market must In* foitml it»r tlti'^ .uitl tlni 

catetl to accept it. or else llir ile‘«i|C!i of llir liifiia^ 
of operalttui iiiiist Ik* »illerr«l hj a-* in makr a |,tr.i 
which there is a iiiarkri alrratiy rsi.ihlislinl. In 
tlithwis |H‘«niltnl llini! P* .iiiopl llir Imiiirr .iinl ^ 
while at IlertJiill lliry liitd to I’rntut to tin- laitrr. 

"I'he priiHipal tisrr-^ of pin iioii nii ilir P.n iih 
Western Slates are i m4i*iii I'miiitlrirs Spn i.ill)' U 
as those makiiig sitivr*^. lialli |‘>}^*- ep , arr 
few, as are also o|>tiiiiearlli '4rrl ftiriw«r'., -.n it: 
electric furnaces MicirHHfttlly «it tlir ihi« iin ('im 
iron must !«♦ |irinltiiei| whit It ntrri liir liriinim 
foundry pur|Mi:si»^. 

"There is tut lltr ciwihI an aliiiiidaiiir i*l 
foundries maktiig are ^imkrii of in tlir ic 

castings are few in tiiimlirr, lirmr ihr iniptihit tir 
soft higli-'sHiciiii iron wliirti h a ginMl ^trap i.irrir 
easily macliiiied wlini in liKlii 

"Thus it is il|»|iiirenl llirir |ilolilrtli Ivtaiiir onr 
inaking pig iron siircr?»diilly iitil of iii.ihiiig ifofi 
content of frotti j tti j |ier intl. rioiiotiiii aliji , ■ 

# % . . ^ ^ « # * i 
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readily to alterations in the furnace burden and still be of large 
enough capacity to be efficient. 

‘The following analysis represents the magnetite ore used: 


Si02 

3 - 43 % 



AI2O3 

0.81% 



CaO 

0.70% 



MgO 

0.32% 

Fe 

67.86% 

MnO 

0.28% 

P 

0116% 

CuO 

Trace 

S 

021% 

FesOi 

79-63% 



Fe203 

14-56% 




99 - 73 % 


“This magnetite lies between quartz and limestone, the 
analysis of the. latter is as follows: 


SiOo • 1.02% 

AUOa o.6l% 

MgO 1.12% 

CaO 53-80% 

FeO 20% 

CO2 (by diff.) 43 - 25 % 


100.00% 

“The first furnace closely resembled the Swedish, although 
independently designed, and was operated intermittently. 

“But from the style of its construction, it is apparent that it 
could not be made to respond readily to changes in the burden, 
and in order to make consistently high-grade foundry iron this 
is an essential. In a blast furnace, too great an excess of coke 
in the burden can be taken care of by increasing the quantity 
of air blown in, but in an electric furnace this is, of course, not 
feasible, as the oxygen would attack the electrodes. The excess 



“If the excess of carbon has been allowed to proceed 
the furnace will, of course, ^freeze up.’ The slag 
up part of its lime content to form calcium carbide, p. 
alumina to form aluminium carbide, part of its silica 
silicon carbides, and part to form ferro- silicon, and pa 
carbon remaining turns to beautiful sparkling flakes of 
Remarkable examples of molecular replacement of th 
in the charcoal by silicon carbide has also been noted 
beautiful specimens of petrified charcoal. Once a 
presented these phenomena, though there is no excu 
as the decrease in the amount of stock going into the 
and the daily controls on the slag and metal should gi'' 
warning. The matter of too little carbon gives less 
and, if the furnace is producing low silicon and carl 
should give none at all. 

“The question may be fairly put : Why cannot the i 
carbon in the burden be calculated within sufiicien 
limits to prohibit any possibility of trouble? Theoret 
course, it can be. By daily analyses of the furnace gas 
at regular distances as they ascend from the crucibli 
stack the ratio in which the carbon is actually being 
to CO and CO2 can be approximately determined, a 
together with the controls on the slag and metal, will 
carbon within safe limits if the furnace is running wi 
carbon burden; that is, making low-silicon iron 

“When, however, the furnace is running on a higl 
burden, calculated to make a 3 per cent, silicon iron, 
parent that the carbon must be carefully regulated, 
dent carbon not only lowers the grade of the iron, b 
duces difficulty by throwing an excess of Si02 into 
Too much carbon lowers the efficiency of the furnac( 
leading to the difficulties mentioned above. 

'Practically, it is alw^iys necessary to carry an ( 
carbon over theoretical calculations to take care of th 
pheric oxygen and moisture which is occluded in the 
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II nd the atmospheric air which is inevitably drawn into t 
furnace after it has been in use in spite of every practical p: 
caution to prevent it. It is evident, of course, that these £ 
to a considerable extent unknown factors; hence the charci 
must be continually varied, as* the control analysis indica' 
that it is too high or too low. 

“ So, while the shaft type of furnace gave promise of econon 
success, it operated on the low-silicon, low-carbon, white ir 
(which our Swedish friends have dignified by the name of ] 
steel),- it was shut down for making foundry iron.” 

The present long and narrow type furnace was desigr 
by Frkkey and others. It is 5.04 meters (16' 6") long, 2 



meters (7' 9") wide, and 3.10 meters (lo^ 2") high. It has 1 
electrodes delta connected and five charging shafts 5.5 me 
(iHO high, as shown by Fig. 132. This type of furnace se 
best achipted to this class of service. The 3,000-kw. fun 
is 8.54 meters (28') long and 3-05 meters (10') wide. The sti 
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So far, no arrangements have been made here to utilize gases, 
for the best way to utilize these had to be studied, rather as 
an economic than a metallurgical problem; i.e., whether the 
saving in charcoal effected by circulating the gases back through 
the furnace and taking advantage of the reducing action of 
the CO is greater than the saving in fuel by burning them 
under lime kilns, charcoal retorts, or elsewhere. Observations 
led to the adoption of the latter course. 

Considering the claims made for the cooling effect of the 



Fig. 132. 


circulated gases on the furnace roof, this is hardly deemed worthy 
of practical consideration on this resistance type furnace. If 
the charge is descending regularly it will protect the roof and 
if it is not, the slight lowering of temperature, caused by the 
cool gases, will not prevent the heat radiated from the electrode 
from melting the roof. 

Three 750 KVA. transformers furnish three phase delta 
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capable of being compressed to a density equal to that- of 
electrode it sell. 'Fhis packing material offers no more resista 
to tlu‘ passage of the current than the electrode, and becaus( 
its unctuous nature permits the electrode to be raised and lowe 
without breaking electrical contact. 

h'roin an elec'trical standpoint this type of furnace 
worked \'er\' smoothly. 'Fhe instruments show but little va 
(ion, whim things are normal, except that the power fad 
fwhii'h average resiKX'tivcly 90, 85 and 70 per cent.) impr 
aft<‘r tlie furnace is tapped and gradually fall off again as 
molten iron accumulates at the bottom. 

METALLURGY 

“'Fhe stock is charged into the five charging stacks previoi 
mentioned on the basis of 500-lb. units of iron ore. This sr 
charging unit, while it entails extra labor on the feed floor, 
the advantage of mixing the ore, charcoal, and flux as i 
mutely as if the charge were bedded, and homogeneity of chi 
is very es.sential. 

“With this type of electric furnace at least the ore is rede 
to a very much greater extent by actual contact with the car 
t hiin })y the action of the CO in the stack gases. Some exam 
of gas analyses will bear this out.” 


CO!* 

0 

Gas Analyses 

('() 

('H4 

H 


0.2 

57.2 

16.0 

0.8 

<).2 

1.4 

56.2 

12.3 

1.2 

7 .H 

o. 15 

57.1 

— 


6.0 

0 . 20 

(^ 7-9 

— 

.... 

H. 1 

0. 10 

64.8 

— 

. . . 

4.2 . 

0.25 

60.7 

.... 



However, the 72-hour metallurgical coke, as tried, offe 
objections: 

First, its electrical conductivity is so good that mi 
the current passes between the electrodes in the upper part 
furnace. The smelting zone is thereby raised and the fi 
runs hot on top with attendant melting of the arches an 
at the bottom. 

Second, this coke, because of its density and high 
ing strain does not break down like charcoal as the 1 
descends; hence, less surfaces of carbon are exposed 
oxidized by the ore and there is a less intimate mixb 
the two. Reduction of the ore takes place more slow! 
silicon in the iron is lowered, the power consumptic 
ton increases, and thus the elEficiency of the furnace 
duced. However, by adopting certain precautions in cr 
the stock and feeding same into the furnace operatec 
mixture of 60% coke and 40% charcoal with a very fair 
of furnace efficiency and the grade of the iron was kept 
No. 2 foundry. 

The possibilities of operating electric iron furnaces 
coke instead of charcoal seem to offer a very interestir 
necessary field for investigation. At present successful 
tion of electric iron furnaces depends among other thir 
an abundant and fairly cheap supply of charcoal. Thi 
erally limits their field of activity to well-timbered i 
which are usually isolated and where freight rates arc 
Many of our coals which make a very poor metalli 
coke for blast furnace use on account of their low cr 
strain might be found to make a satisfactory fuel for € 
furnace use. 

The fact that the ore is of so high a grade renders the 
lurgical problem somewhat different from that usual 
countered. The ore as it comes from the quarry will oft 
for weeks at a time as low as 2 } 4 % Si02, and from 67 t 
Fe; so that to make pig iron which will run from 2 to ; 
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it is nccessar}' to augment the silica in the ore by the addition 
t)f barren quartz. The requisite amount of lime or limestone 
is added so as to give theoretically a slag running about 47% 
SiOo. 'Fhe following slag analysis will indicate the extent of 
the silica vairiation: 


SiOa 

AI.( 3 a 

FeO 

CaO 

MgO 

54.00 

29.70 

1.30 

12.98 

1. 17 

50 . 20 

28.60 

2.40 

16.03 

2.36 

46. 13 

27.20 

0.65 

23.10 

3-31 


Ordinarily slags containing more than 50% SiOs are toe 
viscous to run well, but the slags are fluid up to 54% Si02. 
This may be due to the high alumina ratio. As only from 125 
to 140 lbs. of slag per ton of pig is made it is found more eco- 
nomic(d to permit a small percentage of the iron to escape in the 
slag than to attempt to reduce it. The depth of the green color 
in the slag also seryes as a rough indication for the furnace-men 
as to whether the carbon ratio of the burden is becoming too 
high or too low. 

In calculating the charcoal for the burden it is assumed that 
all the carbon burns to CO, as it is necessary anyway (for 
reasons previously given) to carry an excess of charcoal in 
order to make high silicon iron. Thus, to make 2.75 silicon iron 
the theoretical quantity of charcoal (containing 85% fixed 
carbon) necessary is 35% of the pig, whereas there is actually 
u.sed about 40%. Inasmuch as any necessary change in the 
burden is distributed over five stacks the furnace responds very 
rapidly and practically permits of the silicon in the iron to be 
controlled within a limit of 0.5%. 

The iron is tapped three times a day into sand pig-beds. A 
sample is taken from each bed from a pig 250 millimeters (ic 
inches) long cast for the pur| 30 se. The system of grading is 


MetaLTap 96 98 100 102 101 106 108 110 112 111 110 118 120 

Pei'centage of Carbon in Iron. 

Percentage of Silicon in Iron, GRAPHIC ILLUSTRATION 

Percentage of Carbon to Ore, 

: Showing the reaponte of fhe Carbon and Silicon in the 
Iron to variations of the Charcoal ratio in the burden.. 
Starting with a cold furnace. 

Fig. 133. — ^Variation of Silicon and Carbon. 

decreases. Some of these results are shown by Fig. 13 
number represents a metal tap made at regular 8-hour 
While the silicon responds readily to the carbon ratio^ 
shows but little variation. The slag analyses were no 
this time. The fracture of this iron is much finer and 
form than that of charcoal blast furnace iron of the sa 
A very noticeable characteristic is the homogenei 
fracture and the almost entire absence of segregai 
“hard spots.” It is also distinguished by its toug 
that it has to be cast with very deep notches. 
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TIk- softer irons have already won a reputation J 
as solteiiers and scrai) carriers. Some analyses tat 
ul car loa<l lots of high, medium, and low-grade iron 
how constant all the other metalloids are except tl 

.\nalysis on a ->oo-ton lot shipped to a foundi 
steel castings and sold on a guarantee of from 2,75 
ami a maximum of 0.04 % of sulphur and 0.04% c 

Silicon 

('otnbiiu'd carbon 

( iraphitt' ciirbon 

Siiljihur 

PhosiihoruH 

Analysis on a roo-ton lot shipped for general 
poses silicon guaranteed from 2.25 to 2.50%: 

Silicon 

C 'ombined c.irbon 

( lnii>hitc Ciirbon 

Sulphur 

i*hoH|>horuH 

Analysis on a loo-ton lot shipped to stove 
mixed with high phosphorus iron for stove casting 
guarantee of from 1.75 to 2.00% silicon and 0.04^ 

CONCLUSION 

I'he elViciency of this type of furnace increases 
tlian the direct ratio to the increase in load and it 
to note that as in the case of the electric steel 
faster the furnace is operated, the cooler the walls 
and the smoother it operates. Crawford offers tl] 
that the faster smelting takes place the faster th 
can descend to i)rotect the arches and walls. " 
n'arrow type furnace is not equal technically in it 


ao i KI.K<' rHIC Fl UXACKS IN l lli: !RO\ \ \i» S I !• I i 

metallurgical control as a single unit aiul will ha\ 
equal to a shaft t\pe of furnace carrying the s 
Further, it can be a r ranged so that part tU the I 
frozen up an<l repairinl uhiU- the remainder is i 
for this reason its yearly output should exteetl 
From the nature of its i oust nut ion it is eaj 
made more nearly fool-proof metallurgieally. met 
electrically than the shaft tyfve. and. further, the 
sumption is !t)wer, due tts the faet that the ehnir 
vertically into the charge. 

While it is lutnlly agreed with the pn»phet‘ies 
that electric furnaces for prtMluciiig pig iriUi will evei 
petitors of blast furnat'es even In the regums where 
(lit ions make the latter possible, t >tr»e/e«/ ft'cls flue 
power can l)e oldained cheaply and where coke atr 
are high am! for making superior grades of iron, elei 
furnaces will enalde iminy large iMMlies of iron on 
which wimld otherwise remain idle and that iheef 
naee, both of the shaft type and id the long am! 
each in the field best ada|.)ti‘d for it. will make st 
The work of 'rurnbull* in making low pitospli 
(leserves considerable attention, even though it 
has Ihtu curtailed since the close of the tireat 
made in a stationary thremelectrotle three phase 
bottom. 1200 krv.. much resetiiblirtg tlir lifroult 
shell turningH for raw material, aboiil sc» 
needed jier metric ton and only 11.5 kg. of amo 
electnule ( j i lbs.). Imrro siliroii tt'as repliicrd by ai 
which reduees the cost awl helps the carl mti cniti 
five consecutive heats had the following aventge 


Carl«m 


SI!C t»tt 


Nnl|4«ir 
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Y. hrs. per metric ton. This furnace was of the batch 
and not of the continuous type. With 1200 kw. 

1 produce 30 tons per day with a batch process furnace 
ll^ sera]), but 20 tons using half scrap and half ore with 
itinuous tyj)e on account of the higher load factor. With 
-cr ])r()ccss no ferro silicon or fluorspar would be required, 
e return in metallic contents charged would be 100% 
inst ()o^/o with turnings alone; besides a saving in 
; repairs, this would probably more than compensate 
; extra jwwcr, electrodes, and carbon necessary for the 
on of the ore. A mixture of this kind permits the use 

ore concentrates, the charge being kept porous enough 
presence of the turnings, and as these concentrates can 
lined very low in phosphorus, they could be used to ad-, 
e in the production of low phosphorous iron and permit 

2 of turnings with higher phosphorous contents. As the 
on would be conducted in a reducing atmosphere, the 
ig carbon in the iron would be perfectly comparable 
blast furnace product. 

THE FUTURE OF ELECTRIC STEEL 

s is well discussed by Matthews,^ and in comparing it with 
icible process, especially in reference to the possibility of 
ng crucible steel, he stated, “The point is that each proc- 
, its peculiar field, and while some crucible tonnage may 
srted to electric steels, yet it is more likely that electric 
dll find its market in the most exacting requirements of 
r structural and tensile purposes, such as have come about 
simultaneously with the processes themselves, namely, for 
obile and airj)lane parts. Crucible steels for these pur- 
rnmm<»rrifll bprfinsft of the difificillties at- 
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shown that the electric furnace was apparently invente 
a new demand rather than to replace an old process.’ 
son^ presents a paper on the “Triplexing Process of ] 
Electric Steel at South Chicago.” . This represents t 
tonnage installation of electric steel in the world (3-2 
2-15 ton). He said: “The luxury of to-day is the 
of to-morrow. Safety cannot be measured by price, a 
opinion will more and more insistently call for the h: 
cellence in the automobile and airplane and other 
fabricated material.” During the years that the Halc( 
Co. was alone in the electric furnace business in th 
States, it was very hard to convince users of its 
quality, and still harder to get makers of open-hearth 
admit it. Robinson’s experience confirms what others 1 
contending for many years. 

MAKING PIG STEEL IN THE ELECTRIC FURNA 

Some experiments have been made on a very smal 
Keeney} Whether pig steel (carbon less than 2.2%) eve 
a product on a large scale depends almost entirely ox 
or not it can compete with the other processes. At ] 
Sweden, it was found that pig steel was more suitable 
ing steel in the open hearth than ordinary pig iron, reqi 
time for refining. Normal pig iron made in the electr 
was found to be less suited to the production of open hf 
than normal blast furnace pig iron. This shows the ad\ 
producing pig steel rather than pig iron in the electri 
when steel is to be the final product. His summary is a 

I. In the electric-furnace production of pig steel 
carbon in the product can be kept below 2.2%, and re^ 
an extent by the amount of carbon charged, withoi 


;\e slag fluid, but conditions are less favorable to the slagging 
l>hur than of other impurities in the operation of an electric 
ce for pig-steel production, which is, of course, contrary 
>erience in the manufacture of pig iron. 

'I'hc loss of iron in the slag should not be excessive unless 
ig steel produced is of very low carbon content. 

I'Votn the results with the Domnarfvet, Trollhattan, and 
alt furnaces, there does not appear to be great difficulty at- 
ng the [)r()duclion of pig steel in an electric shaft furnace, 
in fact, experience has shown that there is less diffi- 
in the operation of the electric furnace on pig steel 
on pig iron. 

. At any place where there is a market demand for st^el 
[ng iron can be made in the electric furnace at a profit, the 
ultimately produced would be cheaper, if made by the 
ric reduction of iron ore to pig steel, followed by refining 
lother furnace if necessary, than if the product of the electric- 
clion furnace was pig iron to be subsequently converted 
eel in another furnace. 

owmg other tests made are those by Humbert and Hethey} 
at tests were made in a 6-ton H6roult steel furnace. The 
'X% of their tests are given in the table on page 374. 
lie electrode consumption was between 32 and 36.3 kg. per 
of .steel made. The wear of the furnace lining was about 
^ame as when melting scrap. When all the ore is reduced 
slag should be taken off and the charge treated as with an 
nary pig and scrap charge. 

llieir conclusions and economic advantages are as follows 
Hut authors have come to the conclusion that with the aid 
le moilern electric furnace, and given satisfactory conditions, 
economic manufacture of steel direct from ore is a practical 
ibility. The material produced will be superior to that 
wfactured by present methods, and will have properties 


t-.i,r.rruit‘ I'rKNAii-^ t\ iiti-; \\i» i- 1- ixt 



i»f tilt* gmitr>»t iiii|M>rt;tini’ ;iiiil v.-tltir ii» tin* ^irrl if^rr 
ty|M‘ of furnaa* will prijbatily Im* lirvrlojHnl. I 

fumiit't* k sniMiwUny ftir orf»tJ.tt»iwI rii 
rhttrg«* sinmki Mr In tlir fiiritnrr. to |:rriiii! violri 
of tlir hath withtiiit twtTfltrtving. Alillirarttr rlr 
In* ftiwiitl iiniHt Hiili’^fiirttiry ii%¥t«g In itirir ft 
brritkiigrs. llir nnr for iMn |iri}ir^A ivill lir fm. 
trirn thill mnilly iiviiiliililr miiir* ih of tralrr fur 

with ik*|Ki?*ils of j»nrr rirli Clnirro.ii, t‘«4r o 

c'iiiil am hr iiHril ;is furl. In ♦■'iiiiiilrirH witrrr iliriiii 
flurril from ivit^lr liait j^iirli ;i«i |il;r»i-|iiritiii'"r 
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complicated plant. 3. Simplicity, cleanliness and ease of control 
of electricity as a source of fuel and power. 4. Ability to use 
refractory and richer ores, such as titaniferous magnetites, etc. 
5. Frectlom of the steel from impurities. 6. Speed of manu- 
facture. 7. (ieneral cost depends largely on cost of electric 
power, but will be cheaper than the electrical production of steel 
from pig iron. H. Less labor needed. 9. Metallurgical sim- 
plicity of the process. 10. Efficient control of quality of steel 
to be obtained, both from an analytical and physical point of 
view. The steel made in these tests was of excellent quality. 

THE USE OF THE ELECTRIC FURNACE FOR MELTING, FOR RE- 
FINING PIG IRON, AND FOR THE PRODUCTION OF 
ORDINARY AND SPECIAL QUALITY STEEL 

Pig iron, that is the iron and carbon alloy, produced in the elec- 
tric or ordinary blast furnace or in any way, contains other con- 
stituents, such as silicon, manganese, sulphur, phosphorus, copper, 
arsenic, etc., which come from the charge. Some of these ele- 
ments, such as copper and arsenic, are easily reduced from the ore 
and enter the metal, and cannot he removed economically by any 
metallurgical operation. The other elements, such as silicon, man- 
ganese?, sulphur, and phosphorus, can be partly eliminated in the 
bla.st furnace and slagged oil, and they can also be separated more 
or less from the finished metal by later metallurgical operations. 

If the amount of one of these constituents is to be lowered 
in order to make the metal more suitable for any special purpose 
it is s|K)ken of as a refining of the metal. Therefore, a lowering 
in the carbon percentage of the metal is also to be considered 
as a refining. The refining process can be of various kinds, 
reducing and oxidizing, or consist of simple reactions such as: 

FeS + Mn = MnS + Fe. 



JL tx XU X 
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such, except for the lining, should have no infiueiK 
chemical composition of the bath of metal. Arc fu 
not correspond altogether to these requirements, for an 
of the electrodes on the bath cannot be avoided e 
careful operation. 

Electric heating of the furnace has the great advai 
the influence of the hot gases on the charge, which : 
in the furnaces used now, is excluded, so that woi 
carried out with an oxidizing, neutral, or reducin 
phere at will. Even the maintenance of a neutral 
ing atmosphere is not only very difficult with th 
furnaces but really impossible, except with crucible a 
furnaces. 

The induction furnace completely meets these reqi 
for in it a reducing or oxidizing atmosphere can be ol 
desired. With the arc furnace on the other hand, 
processes take place very well, but oxidation proc( 
slowly, due to the reducing action of the electrodes, 
an increased use of oxidizing material there is more 
consumption. Otto Thalner gives expression to tl 
address before the “ Oberschlesischen Bergwerksverein 
Chemiker,” 1909, when he says: “The arc furnace k 
good reduction furnace, but a bad refining furnace.” J 
furnace, however, to answer all requirements should all 
• tion and oxidation processes to be carried out equally 
this should be pointed out before anything is said 
metallurgy of iron and steel, the influence of impuriti 
refining of the metal. 

Phosphorus. — This exists in the iron in the form of 
of iron which dissolves in the metal bath without dif 
to 1.7% Phos., forming mixed crystals. Phosphorus 
in both pig iron and steel, for the phosphide has the com 
low melting point of 910° C. For instance, in gra; 
iron the well known separated bean-shaped pieces are ; 
found, which give the following analyses: 
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I 

! 2 

3 

Bf.ui-shiijH’U ...... 

I. SO'; I* 

i.3«% 

1.00% P 

Sulitl pirt'f iu*ar flu* In*a».s. . 


0 . 55 % P 

0.50% p 


Analytical proof of its segregation in steel is given in the 
next section under Sulphur. 

If a section is cut from a steel high in phosphorus, polished 
ami etched with a solution of copper-ammonium-chloride, by 
Professor Htyn’s method, the places rich in phosphorus will be 
coI(}red dark, aitd one is in a position to determine the segregation 
in the rtiaterial. As segregated material has considerably lower 
physical properties than normal material, a low phosphorus 
should l)e specified if a high quality is desired, so that if ordinary 
high phosphorus material is to be used for making high quality 
steel, it must be dephosphorized. In order to do this an Ameri- 
c“an has proposed to destroy the phosphide by the addition of 
another element according to the equation: 

Iron |)hosphidc + metal = iron -f metal pho.si)hide. 

Naturally a metal must lie chosen that, in the form of phos- 
phide, does not alloy with the iron but goes into the slag. Such 
reactions are theoretically iiossible, and have been carried out 
practically to a small extent. Even the silica holding desul- 
phurizing slags of the electric furnace show a certain content of 
{ihosphides, which can be easily recognized by the garlic-like 
smell when the slags are moistened with water, but this method 
of dephosphorizing has not, so far, become of practical import- 
ance. 

The removal of phosphorus is only possible with certainty, 
at present, when the phosphorus is oxidized to phosphoric acid, 



^ 41. 


* 41 V % I taui 


■ce this methotl of deplu^sphori/.iiig rr(|uins loosHicraljk* 
and experience for a>!np!ete suciass. altlumgli the nH‘IUn;4 
igh carbon lieats is econotnit'al. 

Dephosidiorization is more certain with low carlHai and very 
L temperature, and at the same time strongly oxidizing and 
c slags. Further, the oxidation of the pimsphoriis i-an be 
ight about as well by the oxygen in tlie ores as by that of 
air. The maintaining of a baste slag nattirally re(|uires 
: the work be done on a Inisic hearth. 

Sulphur.— Sulphur can exist itt steel as .\InS. as well as h'eS. 
latter can alloy with Iwiititl iron while the ftiriiier tioes ntd 
Y with the licpiul metal, and is therefore only f.ireseiit in the 
\ of included material. If tlie bath of metal is alltiwed 
,d long enough, then the MnS will rise to the surface because 
:s lower speeitle gravity, and c'an be drawn t»ff. Hits is not 
ible with tht‘ remaining FeS which remains alloye*! with the 
id metal. For this reason the slags which separate from 
metal, for example from basic* llessemer Iron, hi casting 
2S, or mixers contain a high {H*rcentage of siilpinir and also 
Lganese, present for the most part as MnS, while tin* amount 
•on is not so great. 'Fhis i.H shown f.ty the following average 
ysis of ladle slag: 

Iron 

Mungunt'sn*. ........... 43* t', 

.Sulphur. nC.i, 

lese slags come lower in sulphur, then oxidatlciiuif the siilphkle 
langanese by the air or by included oxide has taken place. A 
I mangane.He, however, is always a chariii'leristic of these 
3 so that, after a preliminary roasting, they can In* iimxl in 
blast furnace as an ore of manganese, 
sulphur is harmful to pig iron, steel, and wrought Iron, the 
on probably l)eing the low freezing |>olrit of FeS, whereby 
,ng the cooling of Iht; bath of metal it st*gregates to the centre, 
also brings about the rt‘d short character of high sulphur 
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; is therefore necessary to desulphurize the iron as much as 
ble before it is made into steel, a process that is carried out 
le addition of ferro-manganese to the liquid bath, if there 
t enough manganese already present. The sulphide of iron 
m, decomposed according to the equation: 

FeS + Mn = MnS + Fe 

f sufficient time is given the MnS rises to the surface of the 
into the slag and can be removed. The process only takes 
smoothly if a considerable excess of manganese is used, 
in this case, however, no total desulphurization is possible, 
sulphur can only be lowered to a certain degree, about 
which is still considerably too high for special quality 


1 liquid pig iron or steel, rich in manganese, that has stood 
enough before pouring, the sulphur is to be thought of as 
^ present exclusively in the form of FeS. If a microscopic 
)n is taken from high sulphur material, polished and etched 
ascribed under ''phosphorus,^' and the dark segregation 
s examined, then a considerably higher sulphur content is 
I than in the ground mass, but only the same manganese, 
e segregation were a question of the separation of MnS 
with an increasing sulphur content, there would also be 
ad an increase in manganese, which is not the case, 
slow are given some analyses: 


t material: 

Pure ground mass 

Segregate 

nd material: 

r. Very black segregate. 

2. Gray segregate 

Piirp 


Mn% S% P% 

0.48 o . 067 o . 050 

0.48 0.182 0.100 

0.30 0.097 0.155 

0.30 0.055 0.079 

n 'in n nAn n nA>y 


one strongly to the opinion that thi* re -roS alloy : 
between the crystals !nit not insitie the crystals tlienis 

As already nientioned iujuici stet‘I {>roduct‘ti in llie 
way and therefore fairly high in sulphur must be fui 
suiphiirized for the protluction of gtHni quality steel, 
purpose the electric furnace is suitable. Hie follow 
processe.s are tliose mostly used for desulphuri/.Ing in th 
furnace, and both take place most energetically at high 
tures. Hiey also Imth require the use t>f a neutral or 
atmosphere in the furnace and the melting of a stroii; 
slag. 

In order to make these basic slags easily fusible aiit 
fluor-spar, and <{uart/. in the ftirm of sand, are made. 

(i) Hie use of tlie chemical rcaiiion FeK t- Cat' 
Fe CaS CO. 

loir carrying out this reaction, therefore, the lielp e 
is net'rssary, and the procass can be operiitec! very sat!? 
in the arc furnace, due to the favorable influenc'e of the el 
Carbon must be atided to the bath, ami for tilts re 
prores.s is used only when it is' a c|uestion of tiu* prodi 
high carlion steels. In melting very soft stt‘els, one nil 
take into account a certain carlioni/aitiori of the bath ; 
remove the carbon, or elst* lie satisfied vvilli a less 
<lesul|'>huri/.ation. Even if the t*arbon in only throwi 
slag covering from time to time, a certain alworption t 
Iiy the bath cannot be avoided. 

(3) The list! of the chemical reaction between sil 
sulphur whereby SiS is |>rcxlucecl whicli escai^ci m gM. 

-T Si - Fe + SiS. 

If at the same time a lime carrying slag ii forme 
metal batli a further desulphurimtion takes place acc< 
the equation: 

2 FeS + 2 CaO + Si » 3 Fe + 2 CaS T SiOs. 

The CaS is removed as slag. It is interesting to k 
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both reactions take place almost quantitatively so that scarcely 
jnorc than the theoretical amount of ferro-silicon must be added 
to the bath, and if desired a low silicon steel can be produced. 
The process is often used in the induction furnace and has the 
advantage that it can be used equally well for high and very low 
carbon heats. The reaction gives a very fluid slag because of 
the increase in the amount of silica. 

Moreover, fluor-spar is also an equally good desulphurizing 
agent when ferro-silicon is used, according to the equation: 

2 FeS + 2 CaF2 + Si = Fe +2 CaS + SiF4. 

Further, in regard to desulphurization by means of silicon 
in the electric furnace a great many theoretical reactions have 
been suggested, a small selection from which is given below. 

(a) With the use of burned lime. 

1. 2 CaO + SiS = CaS + SiOa + Ca — , but there would 
result 

Ca T Fe S = CaS -f- Fe. 

2. 2 CaO + 2 SiS = 2 CaS H- Si02 + Si — , but there would 
result 

Si + FeS = SiS + Fe. 

3. 2 CaO ~f" FeS -f" SiS = 2 CaS H- SiOa T Fe. 

The SiS in all these equations is thought of as being pro- 
duced by 

Si T FeS = SiS -f- Fe. 

Also they all represent the same reaction, namely: 

2 CaO + 2 FeS + Si = 2 CaS + Si02 + 2 Fe. 

The slag will be made thinly liquid by the silica produced 
and, in this reaction, i sulphur requires yi silicon. 
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Both reactltHis therdure nu'aii the huiiun namely: 

2 CaF-i + 2 FcS 4" Si = i CaS + Sihh f 2 h'e. 

The slag will become more basic, that is thicker, am 
reaction alst) i sulphur ret|uires silicon. 

Resume of the ecfuatitms. 

(a) 2 CaO + 2 FeS + Si 2 CaS + SiO, -f .» Fe. 

(h) 2 CaF'j + 2 Ih‘S + Si - 2 CaS I* Sihh P .! he. 

The reactions are the .same e.tce|)t that in tme the 
the other the fluoride, is the reagent; and tiy both prot 
same amount of siliccm is nece.ssary. 

Desulphurization by the aiternate reaction betw 
and FeS and the formation of SCb canned be carri«*d 
tliukl metal to complete success, and for tliis reason i 
suitable for such cases where complete clesulphurizait 
nece.ssary. 

Silicon.- -“Tht‘ gmal influence of a certain siiiroii ct 
gray |)ig iron ami gray iron castings is well kntnvii. 1V» 
degree too high silicon in the pig Iron is a disadvantage 
iron castings, particularly for the larger ones, as if brin 
a coarsely crystalline structure, and therefc^re make; 
eastings. On the other hami the .silicon In iron or ; 
easily be rai.sed by the addition td ferro-'sllicon to III 
bath. 

Silicon can be removed from molten iron ami nteel I 
lion, us well by means of ore as by the oxygen of the air, 
that naturally take.s place more tn'islly on a l>astc than m 
hearth, llie siltron burns liefore the carlion If the ten 
is low, at higher temiwrat tires it is only removed rc 
when the carbon is already partly oxidizetl, while at I; 
|H‘raluri*s the silica in the slag Is again retiuc:e<l by the « 
the* hath. 
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oxygen of the ore or by that of the air, with the formation of 
carbon-monoxide. If the refining is carried, out by means of 
ore, then iron is reduced, a process that requires heat. It is 
probable that the metal may dissolve a certain amount of carbon- 
monoxide, for iron heated in a stream of nitrogen shows a melting 
point of 1506° C., but when heated in a stream of carbon-mon- 
oxide only 1406° C., a phenomenon that is explained by the 
assumption that carbon-monoxide alloys, at least partially, 
with iron. On the other hand low carbon steel baths easily 
take up carbon whether the latter is added in a solid, liquid, or 
gaseous condition, either in the elementary form or as carbon 
containing alloys such as ferro-manganese, etc. 

Oxygen. — Oxygen may occur in steel combined with other 
elements, for example, as CaO, SiOa, MnO, AI2O3, etc. 
These oxides are only mechanically mixed, not alloyed with the 
steel, and they are usually classed as “inclusions.” Such in- 
clusions are undesirable in high quality steels for they loosen the 
structure, and so lower the physical properties. In addition to 
this, however, steel can contain oxygen in the form of ferrous 
oxide, and such a constituent is especially to be feared for it 
alloys with the metal, and, like sulphur, brings about red short- 
ness. 

It is possible to remove this ferrous oxide from the metal by 
chemical means, reducing it by other elements according to the 
equation: 

FeO + X = XO -f Fe. 

Elements that can serve as reducing agents for ferrous oxide 
must answer the following requirements: 

(i) They should not bring about any development of gases 
in .the reduction, for then the metal does not cast quietly, and 

Tc* nrt'tro'n fVio ■frkr'rv^ Cl f rvf rrcie i n /^1n Cl C TTVlArA— 


•UlS FM-:c"na<* rt‘i^\\« i i% hh' ''ii'!!. iM»r%!i.? 


tioii. Hits is altogtihiT .t|>arl ittrir ‘4r«»i}5t .itlaik v 

brii‘kwork. 

1 itiiisl r.isily ri’«iit»r flit* Irriini-* .mtl l«ir 

is Ui'i'fssary lltal llu’ iiiti.tl t- in tin- h.tlii, I 

way tiiily is a t'i»i«|>irlr ttnil.ti I rra* ti»jit iHi'^sihlr, 

14! I'liry liiiist ra.sily slag oil, .tiitl sf|i,tr.ilr frmii tin* ! 

Maiigaiirsr, siiittni, aliiiiiifuiiii, rU'.. .irr giawrally ii', 
mhiriiig agriits, and, rn riitly, f«r firiMiiii ifi|» ijti.tliiy . 
rertain iilltivs id siiinm with i .iliitiiii, in.iitu, 

iiial aiuiniiititii, At tlir saiiir timr v.tii.nittirii lilaiitiiiit 
III* iiH*iilbrn’«l. I«r llirir iiilltiriiir iiiikIiI I** Iw. in liir iirsl 
vrry struitf^ly mlutiiiK i»ii llir last Ir.t* 

I**f»r tiniiitary |ii!r|M»srs /rmi iiwwiyiiifw is irmsily tis* 
tlfiixitialitwi. Its rr,n.iit»ii wiili irri'Miis t»\itlr. iiiiwr%'»’r, 
takrs |ilarr vtTV skmiy, .iltd ii III** is In ttr liimfr 

satiHl’iir'tiH'y a ritnsitirriililr r’l,! rss *4 iij,tii|.!4iirsr imisf hr 
l<» ilir lialli. I'or this rr.tsun liigli lininnaiirsr juatii'!. 

bt* iiftKliii I'd ivliit'li is fit*t abli' as liiid'i sir 

iltflWriif |inr|it.iHr>. Tlir sitiw ifiilnrmr **l llir inisi liuiiii 
Ih I'atisrtI liy llir allny t«> fiis-«ilvr»i l*ii»irr 

alliiy itir iiiri*ti, .Viilbl mini nr si mril 

ktik hrfmt ii nm mit its ♦/rr,i'i#li::iif^* , 

Ike (irmitititimi ^riirrs# muM hr mfrlrnikti il jrm* 11 

tiese "urre inlilril, timi i»y l/#fs imikmi tiir iitmmni iinri.iii. 
I>r amsiiiiTtiMy miut rti^ tis ikr itm n/ in flir himrk 

is stmiikf, lit till* rlwirli liiniatr, wlw-rr ibr Irrnritt.tiii 
wiirks ill a nriilral aliti«H|fltrrr, llir iiiittiiiititii .iiimtiiit t,iii 
rally lit* tisril fiir Hn-iHi'-c tlir .tii»iy lia.s 

III rrart mi ttir lialli Itif « tiiiir williiiiil il.tfigrr id 
liiirnl by Inrt Alsu llir iiri r*»,s»iry rxrrss «f iiiiiiigim 

thr Imlli I'iiit t»r lii%%*rrril, its llir iiiaii^aitrsr rail wurk t 
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the gas to escape. This gas removal is, however, only complete 
if the bath has been given some opportunity to take up silicon. 
Unfortunately, there is no clear explanation for the influence of 
the silicon. It either reduces the carbon-monoxide dissolved 
in the bath, or else it makes the metal able to unite with the 
gases, especially the carbon-monoxide. The latter view is the 
more probable, for it has been mentioned that iron has a very 
low melting point when exposed to heat in an atmosphere of 
carbon-monoxide, which is easily explained by the theory of 
the existence of an iron-carbon-monoxide alloy. 

Silicon is moreover a very strongly deoxidizing material, and 
scarcely more has to be used than the amount theoretically 
necessary. The silica easily goes into the slag, and there is no 
production of gas, as the small amount of ferro-silicon used adds 
practically no carbon. Heats deoxidized by means of silicon 
can be cast quietly and easily for the reasons just mentioned. 

Aluminum is also an effective reducing agent, but there is 
the disadvantage that alumina is produced which, on account 
of its high melting point, does not slag off completely and some 
remains as a fine net-work in the metal, lowering the physical 
properties of the latter. In the production of high quality 
material the use of aluminum is therefore not to be recommended, 
above everything no aluminum should be used while pouring 
into the moulds, for then much less heat is present for melting 
the alumina than in the furnace. 

Recently alloys of vanadium and titanium have been recom- 
mended, the latter produced by the Goldschmidt reaction. 
Tliey are very effective, but at present their high price limits 
their use. It may be, however, that the price of vanadium will 
be lowered when the alloy can be produced in the electric furnace, 
but due to the formation of carbides special attention must be 


.410 ELECTRIC FURNACES IN THE IRON AND STEEL INDUS 

a pure charge were, up to the present time, the best obi 
although low silicon material was only produced with ve 
difldculty because of the silicon reduced from the acid 
walls. The melting of low silicon crucible steels had to 1 
therefore, in costly alumina crucibles. 

FLUXES, FERRO ALLOYS, ETC., USED IN THE ELECT] 
FURNACE 

(1) Ferro-manganese . — For reasons of economy the ( 
blast furnace product is used with the average analysis 

Manganese 80.00% 

Silicon 1.20% 

Phosphorus 0.25% 

Carbon 6.00% 

The rather high phosphorus content can be neglected, 
a small percentage of ferro-manganese is used so that tl 
phorus of the charge is practically not increased. Occa; 
pure manganese, which is naturally very expensive, is 1 
special purposes. 

(2) Ferro-ckromium . — ^Here also the . cheap high carbo 
rial is usually good enough, with the analysis — 


Chromium 64% 

Carbon 8-9% 


especially when the alloy is added liquid. The carbon ( 
produce any gas, for the alloy is only added after the 
deoxidized. Of course the carbon of the alloy must be 
ered in figuring the carbon of the steel. The more e? 
low carbon alloys are, however, used in many cases. 

(3) Ferro-silicon . — ^The best is the ordinary 50 per ce 
trie furnace grade. High silicon blast furnace pig ir 
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ly remembered that with the use of high sulphur fuel, 
,s is generally employed, the lime takes up considerable 
r, so that with large pieces of lime the sulphur is highest 
outside and decreases towards the centre. 


Analyses I II 

Outer shell 0.50% S 0.48% S 

Middle part 0.21% S 0.20% S 

Core 0.05% S ■o.o6%S 


e is therefore bound to consider the use of raw limestone, 
dly for the formation of the refining slag. As lime free 
ulphur is needed, the stone could be burned in a shaft or 
Lg furnace by means of waste gases, so far as they are 
)le. Moreover, tests with the ring furnace have shown 
le lime in a chamber does not show the same increase in 
r at all parts of the chamber. An example is given below, 
e raw limestone used was very uniform and had 0.05% S. 
taken from the material after being burnt showed the 
ing results: 


Iverage test from the wall of the chamber o.ii%S 

« tt in front of the fire 0.16% S 

** “ somewhat further from the fire o. 16% S 

“ “ at the door 0.09% S 


lime burnt in the ring furnace is mostly used for other 
sesy one is in the position to take the low sulphur part and 
specially. If burnt lime is bought it is well to consider 
rcentage of moisture and carbon-dioxide contained. On 
her hand a small proportion of carbon-dioxide is not a 
disadvantage to the process, for the slag must finally 
L certain amount of carbon-dioxide, at least for desulphur- 
nd deoxidizing. Also certain percentages of magnesia in 

TP Jirp rlic:!arl-\riinti>crA oc it motpc tbp clocr Ipcc fnciKlp 
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niemlctl, so that t]u‘ slag vt^kiine and the heat lost in 
are not too gnnit. Naturally, it is alst) better to use 
tcK) high in sulphur, especially if metal has to be worke 
high in .carbon, sulphur, and phos|>horus. Idiosphorii 
ore, on the other hand, is not harmful so that minette o: 
used, for the bath cannot reduce phi)sphtyric acid from 

( 7 ) Curium. A material should be chosen tliat is k) 
sul|)hur, and volatile matter. (Iraphite, anthraiate, pt 
coke, etc., can be used according to one’s wish and th< 
price. Bt‘low are givtm sevtTul analyses these mater! 

j Vi»l. inuUrr j A*»!i 

nikr .......... . ,L5N' ' 

kriort t‘,ui*ntii ■ o.n l.S 

M.ikr i^t'.ijfhiU’ . .......... I..I 

I'liey are best used in moderate sized pieces, 
dividetl material must l>e used it is best to weigh it 
hags, or else,* hri(|uette it. 

THE ELECTRIC FURNACE AS A MELTING FURNACE FOE I 
STEEL, AND IRON ALLOYS OF EVERY KIND 

I’he at! vantages td melting in the electric furnace a 
lirought about by the iKWHihilily of maintaining |)urel 
or reducing atmtwpheres, whicli means that the hot 
do nc»t attack the furnace walls as in the cu|K)la, air fur: 

As is well known tin* melting of pig iron, etc., in tl 
h attended with a considerable absorption of sulphi 
stmsibly affects tlie final (|ua!ity. For instance: 

HiV.. Mid;, J 

MiinTliinwftm* mi'hinjc .... .L 5 o 3,t|o i.ao e 
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OH the charge is not prevented, as is shown by the following 
analyses: 


A. Melting of Pig Iron: 



C% 

Si% 

Mn% 

/O 

P% 

(i) Before melting 

. ... 3-30 

1-55 

1.67 

0.053 

0.36 

Finished material 

..•■ 3-25 

0.66 

0.76 

0.083 

0.37 

(2) Before melting 

....3.18 

0-59 

1.79 

0.075 

0.27 

Finished material 

....3.16 

0.22 

1.22 

0.093 

0.27 

(3) Before melting 

3.06 

0.72 

1.98 

0.069 

0.23 

Finished material 

3.02 

0.28 

0.28 

0.090 

0.23 

The melting in all these 

cases took place in 

an air 

furnace, 


using bituminous coal with about 0.7% sulphur. 


B. Steel Castings Melted in a $-Ton Open Hearth Furnace. 

c S 

(1) Before melting 0.050 

Finished material 0.30 0 . 060 

(2) Before melting 0.037 

Finished material 0.25 0.050 

(3) Before melting 0.048 

Finished material 0-45 0.062 


Naturally those plants suffer which have to use, anyhow, 
high sulphur pig iron and fuel; on the other hand, with melting 
in the electric furnace there is no oxidation of the iron nor of the 
valuable constituents silicon, manganese, etc., such as is shown 
in the above analyses. As is well known in the melting of an 
ordinary foundry iron, a loss of at least 10% of the silicon is 
calculated, with higher silicon irons still more, and on this 
account less scrap can be melted than the silicon of the cold 
foundry iron would allow. In electric furnace melting there is 
no loss of iron, nor metal loss in the slag, for no melting slag is 
necessary. 

■F.lprf-rir mfilting is narticularlv important in the production 
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melting nf iri)n tor tVmmlry purposes is that in the ^ 
the temperatiirt* ean he governed as <lesiretl. '1 
of had castings therefore ouglU to In* soniewliat r 
casting td cold iron, which may happen with tl 
with the nmst careful siijiervision of the operathi 
Alst) in regard tt> the t|ua!ity of the castings, e 
shoiild firing aliout considerable imprtjvement, ; 
avoidance of an increase in sulphur, especially ft>r 
walled castings, for which higlt phosiduirous hriti 
now to 1 h‘ ust‘d in order to fill out the moulds. 
to increase the temperature of a low plmsphon 
electric furnace to such an extent that the same 
diiced as with a high phosphorous iron, one can. t 
these comlitions, prtKluce Ihin-walfed castings f 
phorous iron which is not brittle, without geti 
lilowlioie castings. 

I’he electric furnace is also very suitable ftir 
manganese, and all the ferro alloys, which are s< 
steel |)lants anti alsti recently in foundries. Kve 
knows that ftir quickly completing heats of steel 
or in the latlle. ctmsiflenilily nwre ferrounanganes 
if it is atlded cold thau if atidetl Hquitl. In spilt 
now, he has heen’fiircetl to be satisliet! witii the ii 
heatta! ferro-manganese, because the metallurgical 
able for melting this easily t«idi/aible material m 
as the loss increases immeasuraldy. The eimirk 
parfkuiiirly tipfikaMe, jm mik a nimm^ 

ium pf ike wmiguwcsc is exduded, iiurden^ re|Kirt 
ferrounanganese when |Kiiiretl in Its molten stall 
trie Into steel, instead of using cold lumps; tot 
holtllng cost alHHit Sii |H‘r ton. l*he fiiiislied i 
suiierior, Iieing free from ghost lines’' and har 
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in cupola melting one is compelled to take the metal more or 
less as it comes, even when making a special material, because, 
though one may know the composition of the material charged, 
it is difficult to figure on the loss during melting, and therefore 
on the final composition. With the electric furnace, on the other 
hand, where there is no oxidation, one can calculate exactly 
beforehand the composition of the final fluid metal, apart from 
the fact that an absolutely uniform material, free from impuri- 
ties, will be produced. Bad heats, because of low or high sili- 
con, will be excluded because one can add to the bath the right 
amount of ferro-sihcon on the one hand, or low silicon pig on the 
other. 

Attempts have often been made previously to increase the 
silicon in a low silicon iron by the addition of ferro-silicon 
to the casting ladle, a process that is only partially successful, 
for, to absorb the silicon, it must be first melted, which requires 
a very hot bath of metal and also a certain amount of time. 
Both conditions are fully met in the electric furnace, but not 
in the casting ladle 

Also cast-iron scrap, turnings, etc., can be melted without 
the scrap being for the most part burned and slagged off as in 
the cupola. Indeed, this great loss, when melting fine material 
such as turnings, etc., in the cupola, has forced those plants 
which have considerable amounts of such scrap to briquette 
it before melting. The considerable cost of this process is 
always lower than the saving due to the decreased loss. 
Also, a low carbon material, similar to cold-blast iron, can 
be produced without difficulty by the melting in of wrought- 
iron scrap. 

The melting of pig iron in the electric furnace can, at the 
same time, be combined with a refining of sulphur or silicon. 
In regard to the sulphur its removal is easy if a lime slag is pro- 



tlie silicon will nutuniuy oc imniKiu aoom o\ uir 
a correspondingly low silicon iron. 

DUPLEXING WITH THE CUPOLA 

lilliatP mentions Ins two years’ i’XpeririHe tiiak 
gray iron but also mulleabit* iron I'or casitng'.H. Kii 
Iran /Igc,' in discussing the results, says. ‘' 1 ‘liftl: 
metal are striking, when it is consiileretl tliat tlir 
under electric conditions less than half an hour, 
greater fluidity and a certain amount id rii 
cially as to sulphur, the density of the met.il I 
creased, the structure changed and the sliTWgili 
75 to go'*;..” 

Maidenk(\ in discussing this, fKiiiiled oiit tli.il 
atTords a solution of the sulphur {irobleni in mst i 

In discussing tins in detail, EHiaii goes on to 
electric furnace has now lieen making a stifrr gi 
iron castings due to the insistent ilemaiid for pi 
erties t)f a higher order than are romnionly ctia: 
such iron. 

I'his exi'ierience I'overs mostly gray iron for 
hodies, excetil as otherwise noted. However, hIiiiII* 
of cylinders for locomotives using HU|H.*r healed slea 
for internal combustion cylinders. 

'The twai prime qualities mo.st generally wiiiittMj i 
iron are strength and solidity. 'The liesi strerig' 
shows is under compression, and Its worst is u 
and vibration; between comes transvena* strains 
Where unusual strength of Iron is reciuired it is 
jcctcd to either imiiact, vibration, or teiisbii, or 
iron is at its greatest tlisiid vantage. Under sola 
included a numl>er of related Items such as tieiisi 
of grain, and freerlom from Hubriitiincsius liii|H*rfe<l 
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slag inclusions, graphite segregation, blow-holes and shrink- 
holes. 

Strong irons without exception require high pouring tempera- 
i!(r(\s, because they have high melting points and minimum 
Iluidity. 'I'he irons most easily melted, and consequently the 
most fluid ones, have a high percentage of phosphorus in their 
make up. Medium and high phosphorous irons comprise by 
far- the greatest part of the melt of the gray iron foundries. 
'These are the popular casting irons, and it is well known that 
phos|)horus has done as much or even more than any other 
element to pojiularixe gray iron for castings. Still, phosphorus 
has the grave fault of unfavorably affecting the strength of 
iron, a thing it accomplishes by forming in the iron mass a net- 
work of structurally free phosphide, which is quite brittle. 
Although easily fluid, high phosphorous irons are brittle and 
generally lacking in strength. Conversely, tenacious strong irons 
are necessarily low in phosphorus. The fact that strength and 
fluidity do not go hand-in-hand brings to light the greatest 
defect of the cupola, ^mely, its thermal limitations. The 
melting operation in any furhace is divided into preheating, 
melting, and superheating. For the first two the cupola is 
preeminent, but for superheating the cupola has not the same 
excellence. 

All ordinary grades of gray iron, those with medium and 
high percentages of phosphorus, cannot be melted more easily 
or more economically than in the cupola. For melting efficiency 
this furnace takes precedence over the reverberatory or air fur- 
nace and the regenerative type open-hearth (Siemens-Martin) 
furnace. 

From the standpoint of process alone, the cupola is blamc- 
le.ss, but from the high ground of product, it shows seri- 
.....H fniiUt. 'T'Vift txmrct flTp its wcakuess as a 
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l>ilitk's unci extruorclimiry cusun.t(s, the resulting bask- ^ 
furnace is the one to duplex with the rutM>Ia. 

'Fhe (juestion arises why is the Ijusic heartii preferrc 
superheating only is desirc‘d, it is eidirely probable tl 
arid furnace should be given preference; but if an irn| 
amount of refuting is advantagi‘ous the basic furnace* she 
used. It is true that the acid electric furnace I'xert.s 
sideraltly refinittg influence by virtue c»f the reducing ro 
so readily maintained in it. On the other hand, the i 
tendency of the Itasic furnace is so much more |tronoiini‘ 
so readily responding that the Iron charge is refined at tli 
time it is Iteing superheated. By the time tlie charge has i 
its tKturing temperature it has also reached a liighly 
condition. Among other re.sults, fhe sulpliur has lieen r 
very materially, provided tlie profHT laisic and reducing s 
been maintained. 

Sulphur in cast iron has so long been considered a 
sary evil tltat its liresence not only Is commtml^ 
cloned, but oceasionally is credited with certain Inuiefit 
(kmht there are a few of these last, for instance*, v 
aids in producing chill. But In general there ts gcHwl 
to lielievc* tliat iron is much lictter for its ab.Heiue. 
induces unsoundneHS, when in excess, is general knen 
and sluggishness of metal is a closely allied evil that 
in the train of suliihur and works unfiivoriihly l< 
castings. 

A medium or higli sul|>lnir content is Inevltiible in th 
uct of the cupola furnace, which in the l>asu* electric I 
tically eliminated as a matter of course. 1'he basic elect 
mice remo\'es most of the sulphur while the metal is 
superheated, 'rhis reaction gives the electric certiiiii i 
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in gray iron castings opens up a new field for metal 
investigations. 

Carbon f egulation is possible to a most useful extent 
electric furnace, total as well as combined and graphit: 
placing steel scrap in the furnace before adding the 
iron from the cupola, total carbon can with accuracy be i 
to any desired amount. 

Uniformness mnong di^erent heats, homogeneity in li 
vidual heat, dose carbon regulation, and unlimited tcmj 
are a quartet of benefits of the electric furnace not found 
other furnace. This enables any compositon and exce 
quality to be made, many of which are so often claim 
so rarely reached by the cupola alone, and the cupola j 
of which goes under many hybrid names. 

' Also correctly balancing of the combined and unco) 
carbons is a matter of no great intricacy in the elect 
varying the silicon content. In short, the capriciousness 
cupola, with reference to carbon control, is replaced 
electric by substantial certainties. 

The well-known advantages of making manganese an< 
similar additions with these mixtures are here also, a 
manganese losses are nil. The one outstanding advantap 
the standpoint of composition is the absolute control of tl 
ture, making duplication of results more a matter of 
calculation, and less the effect of happy accident. 

A concrete example of results actually obtained in eve 
running practice is as follows: 

A rather ordinary mixture of pig iron and foundry' 
was melted as usual in the cupola, transferred to a basic e 
and there superheated and refined under a lime slag. 
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About 25 minutes was the time of electric furnace trej 
and the current consumption was 114 kw. hrs. per met 
(2,204 lbs.). 

Broadly speaking, duplexing with the cupola is feasibl 
for castings having an exact unusual tenacity, solidii 
other physical properties; secondly, there are those castir 
ficult to run on account of having thin sections and re^ 
large sizes; thirdly, those of high quality whose extreme f 
cost is but a small part of the total cost of the i 
article. 

For the moment, leaving the cupola, attention is agaii 
to the advantage of using the electric in connection w 
direct metal from the blast furnace, the electric furnac( 
the triple role of mixer, superheater, and refiner. Such 
would make high-class gray iron castings, almost direc 
the blast furnace, at a cost very little higher if any, and j 
lower, than those of the ordinary cupola. 

THE ELECTRIC MALLEABLE CASTING 

White iron for malleable castings may be prepared 
electric furnace in two, or possibly more, different ways e 
ically. In foundries where the malleable department is 
small annex requiring but a few tons of castings each d 
best method is to melt down a cold charge of suitable c( 
tion in the electric to refine and finally superheat before p 
A great many hundreds of tons of excellent malleable c 
have been made this way by Elliott. In foundries spec 
in malleable and consequently running a large daily tom 
would be more economical and’ satisfactory to foil 
duplexing process that has been described for electri 
iron. ■ With a basic electric the refining can be m: 
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process. It includes the use of the cupola, the side 1)1 
verier for lowering to a certain part with the cupola m 
bon, silicon, and manganese, and the electric for refir 
mixed cupola and converter metal. 

Aside from the possible widening of the field of ra^ 
rials so as to admit cheaper grades of iron and scrap, t 
trie furnace processes for malleable iron have even great 
fits than are shown in the product itself. Chief among 
molten iron, hot enough not to freeze either in the ladl 
being poured or in the molds after pouring but before t 
ings are perfectly ''run.” 

The raw-material white iron, before being cast into th 
for malleable castings, has a temperature and time r 
workable fluidity that is decidedly narrower than has gr 
Gray iron may drop nearly twice the number of degrees 
perature before freezing as may white iron; consequen 
time available for handling white iron in the effective flu 
is only about half that available for gray iron. I'he p 
result of this undesirable characteristic of white iron is thi 
fluid such iron cannot be held in the ladle for long, i 
mortality among small malleable castings as the result 
gish metal is often appalling. There being no limit to t 
sible temperature in the electric, the foundrymen operati 
a furnace have the pleasing experience of seeing moltei 
iron that is capable of running even the smallest and mo 
cate castings with losses through dull metal reduced 
practical irreducible minimum. Besides this, there is 
vantage of refinement, including desulphurization and d 
tion, giving castings of exceptionally high quality. Als( 
is the well-grounded idea that the use of the electric 
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the slag, the producthm ct the same metal a> uik 
retically, the use of cheap high sulphur inm. aii. 
mg of more cast-iron scrap. In general, no lur 
preferable for these purposes, for the bath is heatt 
enough and there is no electrode action on the 
to the slag which would cause* a l«»ss of inanganest 
vaporization. 

dlie profitable use of the induction furnace in th 
line scrap must be particularly nn*nt ioiied, for there 
bath of metal in the furnace. ik% charging the 
it immediately falls into this bath and is tlierefoi 
from oxidation. I'he power cciiiHumption per 
of steel scra|) melted in tliis type furnace i; 
kw. hrs., an amount that makes elcalrie melting ; 
economical. 


THE ELECTRIC FURNACE AB A MIXER 

Moat large steel works that have severid likist 
well as foundries taking metal diri^rt from the bin 
already have mixer plants either to reguliite ilie pr« 
get a better mixture cd the dltlerenl casts, or to olitiitii 
prerefining as possible. I'liis means a sepanitioii of 
brought alxmt liy a part of the sulphur slagging oil a 
of manganese, if there is sutlirienf marigiirieHt* in tht 
size of the mixers varit*s u great deni from 35 to 1,0 
more capacity. 'I'he small mixers are preferably u; 
foundries, such as pipe foundries, thiii tiike direri 
the i>revention of ccKiling with the small mtxerH is m 
very gtxxl so that sometimes lieiitiiig Is rieressiiry, 
is desired in the mixer, then heating by nieiins. t»f fi 
profitable and there is opix^rtimity for the t‘Ic‘ctric 
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question should be solved by an induction furnac 
temperature can be kept at any desired degree 
also certainty of an absolute uniformity of th 
because of the movement of the bath. In t 
would also be a thorough desulphurization of 
that the product would undoubtedly meet the 
quirements of quality. The electric arc furnace 
well here. 

On the other hand, if the mixer metal is to be 
making, and then subjected to subsequent refii 
heating with ordinary fuels would sthl in mosi 
more economical. 

Further, here again the known calculation 
on one side or the other, namely, which is the n 
under the conditions present, heating with elect 
heating with fuel? 

THE REFINING OF PIG IRON 

The refining of pig iron can be carried out v< 
electric furnace, and just as well by the oxygen of ' 
of the ah. In general, the induction furnace here w 
into consideration, for the refining process can be 
the arc furnace without great electrode loss and 
erable refining material 

The hon could be melted dhect in the el 
or the liquid metal could .be charged from 1 
nace, mixer, cupola, open hearth or special J 
the liquid metal had been previously refined, t 
phurized, etc. 

Refining with ore in the electric furnace is, he 

mrlnrtinn nf tTiA fcili-Ao c 
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by the use of highly heated ore, the following approxim 
calculations give some information. 

The pig iron contains 3% carbon, and will be refine 
magnetite heated to 800° C. According to the equatic 
232 kg. Fe304 + 48 kg. C = 168 kg. Fe + 112 

the 30 kg. carbon that are in a metric ton of iron require 

= 145 kg. ore. This amount of ore heated to 800° 
145 X 0.2 X 800 = 23200 cals., which equals 

kw. hrs., an amount that helps the electric furnace coni 
so that the -use of preheated ore is worth considerate 
cost of preheating is not too high. 

There are also proposals to carry out air-blast refinin 
to the Bessemer, in the electric furnace. With arc fur 
electrodes would have to be drawn up high during the 
so that during this operation no heat would be suppliec 
bath would chill, if there were not sufficient silicon b 
phorus present to balance the heat lost, and bring the 
the casting temperature of soft steel. In this case 
must be alternately electrically heated, then blown fo 
time, but this gives so many operating troubles that the 
saving due to time saved with blowing is not realized. 

Iron low in silicon and phosphorus, that cannot be 
by either the acid or basic Bessemer, may be refined wi' 
of air in the induction furnace, for here the bath can I 
during the blow. The following rough calculations g 
information on the probable results with a lo-ton fur 
a pig iron with 3% carbon, and a temperature of 1300° 
10 tons iron contain 300 kg. carbon, which woul 

(12 C + 160 = 28 CO) 100. k| 
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1500° C., aIt±LOugh this value is probably too small, for the 
carbon in the bath heated to 1300° C. will burn at a high’ tem- 
perature, and it appears doubtful whether the very hot gas 
produced will give its heat to the bath completely enough to 
escape at only 1500° C. 

There is therefore the following amount of electric energy 
conducted to the bath. 

10000 kg. iron heated 350° C. 10000 X 0.2 X 350 = 700,000 
1740 kg. air heat to 1500° C. 1740 X 0.3 X 1500 = 783jOoo 

1,483,000 


Brought in: 

300 kg. C burnt to CO 741,900 

Leaving 741,000 


This corresponds to = 857 kw. hrs. 

804.5 

Therefore an electric induction furnace of 10 tons capacity 
will operate with about 800 to 900 kw. hrs. If the efficiency of 
the furnace is taken as 60%, then 480 to 540 kw. will be sufficient 
to heat the bath. This shows that the carbon can be thoroughly 

removed, in ^ to — , that is hours. The time interval 

480 540’ 

under these conditions compared with that of the other air-blast 
refining processes is very considerable. Air-blast refining must 
therefore be carried out extremely slowly, or, with frequent 
interruptions. The proposals to refine in this way have so far 
found no practical application. 

From all this it follows that, if there is a mixer available 
it is a good thing in all cases to bring about as complete refining 
-ae r^/^cciKlA in fLp miVpT, fltid SO relieve the electric furnace. 


used now. If, in a case like this, the pig inai ti> Ik 
surtiriently lew in phosphorus st) tiuit no refining is n 
to give a steel low enough meet hpin ittcations, tfiei 
alom‘ has to he removed. In siu h a t ase the (rit 
could work economically in many places. Also with : 
tions calling for very low phosphorus in the steel the li 
in carbon ami phospliorus can he dephosphori/.ecl wit 
moving the carlioin as mentioned above, !»y keeping 
perature low and forming an easily fusible* hasie slag, ct 
oxide of iron, which Is dra.wti off when the ptunphori 
emmgli in the steel. 

'Fhe refining td pig iron in the elcairic fiirmua* is no 
tageous if a. low carlion, absolutely |>luHphorus free, 
has to he made from a high phosphorus pig iron. In 
remove the phospln^riis the carbon nttisi first he co 
taken away, anti the hath even overrelined tt» a certaii 
In general for this purfKise the electric furnace viimmi 
ecoiioniicidly with the heart li, Further, in this 
cost of fuel and of current hiive to be weiglnsl agai 
other. 

If the pig iron to lx; refiiietl k high in silicon, a; 
phosphoriLH, two elertrk: furriitces can be iisttd, one witJ- 
lining for removing silicon and rarlion, the ill her wtlti 
lining to remove the phosphorus. Still such an iron ran b 
in the basic furimce in wlittdi citse ii suikieiit iiinoiiiil 
must lx; iidtkxi to prevent the lining from bring altacl 
imlly, the dimidation, etc., can ix* tmrricci out in a lliin 
with an add lining, or in crucibles, find nmny coiiibtii 
the crucible, open hearth furnace, mixer, converter, 
jxmible, the iuitability of which rnuit be dedcled 
separate case. 

The output when refining with ore k eitritorclitiiii 
because there is no loss and because of reduction from tl 
that it is over ioo%* 
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THE PRODUCTION OF SPECIAL QUALITY STEEL IN TH] 
ELECTRIC FURNACE 

High quality steel production aims at the melting c 
softest to the hardest qualities as desired in both alloy and 
steels. Steels that will meet the most rigid requiremer 
regard to low sulphur and phosphorus on the one hand, ai 
the other hand be as free from oxygen as possible and ii 
respect be equal to crucible steel. 

The best material up to the present has been made b 
crucible process, special care being paid to the kind oi 
material charged. The use of the purest materials is a 
requirement for the crucible process, for naturally no rer 
of sulphur and phosphorus is possible to any considerable e: 
Indeed this dependence on certain kinds of iron, which 
the guarantee of absolute purity, altogether apart fron 
cost, has finally been the reason for the introduction o 
electric furnace, as it made the material forming the c 
independent of a fixed source of supply. The general str: 
Sweden during 1911 has opened the eyes of the leaders n 
industry to the disadvantages that may come when c 
forced to use a certain material alone. 

In comparison with this the electric furnace offers the 
advantage that it is not dependent on any certain specia 
material, for the most impure materials can be refined sc 
they become even better than the purest Swedish charcoa 
in regard to purity from phosphorus and sulphur. At the 
time deoxidation takes place just as completely as in the cr' 
because a purely reducing atmosphere is maintained, the 
can be held as long as desired, and the temperature can be n 
tftd with more certaintv than in furnaces heated with fuel. 
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fore the use of the electric furnace gives the advantage, t 
it ordinary low carbon steel can be improved and made 
to the very best qualities of crucible steel, for from the low ( 
steel: 

(1) Phosphorus and sulphur are completely removed. 

(2) It is totally deoxidized. 

(3) It is freed from slags and inclusions. 

(4) It is accomplished at a lesser cost per ton. 

PRODUCTION OF SPECIAL QUALITY STEEL IN THE ELECTR] 

NACE FROM PREVIOUSLY REFINED METAL WITH L* 
PHOSPHORUS AND SULPHUR 

It is a side issue in what way the steel is prerefined, w 
in the converter, in the basic or acid open hearth, or 
other way. Also the material can either be charged lie 
cold, but in the latter case, the electric furnace will also t 
for melting. If the electric furnace is worked in comb 
with an ordinary steel plant from which it obtains its 1 
then it is most suitable to pour a part of the steel works chi 
to the electric furnace before the deoxidizing additions are 
On the other hand, if larger heats are made in the steel 
than the electric furnace is able to take, or for other reason 
the bath of steel to which the additions have already beei 
can be partially poured into the electric furnace. Na 
it is preferable that the electric furnace be able to take the 
heat with the restriction that the building of very large ( 
furnaces is at present troublesome. In regard to this tl 
part of the book should be consulted. 

In the case we are considering, the aim of the electric i 
is to improve the steel and to produce a material of equa 
to open hearth, or crucible steel, in particular:— 

(i) To recarburize the bath to the required hardne^. 
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Bessemer steel material equal to high grade open heart 
will be required for various purposes such as boiler p] 
Such material finished by the electric furnace is e: 
suitable for particular purposes, so much the more tha 
and forges well and shows considerably increased 
properties. There is also less second-grade material. 

If material is charged into the electric furnace to v 
deoxidizing additions have been made, then it has to 
completely deoxidized, and the production of steel of 
factory quality requires, in the first place, that this dec 
be carried out very carefully. As shown in a previous 
it can be done in many ways, with ferro-manganese, fern 
etc. Which of these materials should be used dependi 
quality of steel that has to be produced, particularly 
it is to be a low or high manganese. 

If a product is to be made as low in manganese as 
then it is best ■ to carry out the deoxidation with ferri 
Immediately after pouring the charge into the electric 
the first addition of ferro-silicon should be made, prefc 
pieces about the size of one’s fist, and at the same 
bath should be covered with an easily fusible slag to 
the air. 

The kind of slag is governed by the furnace lining 
basic hearth a neutral or basic slag is charged; with a n 
acid hearth, on the other hand, one of greater acidity, 
able mixture of lime and sand with more or less fluor-spai 
used to form the slag, all of proper size. In regard to the 
of slag it should be mentioned that the bath has on! 
completely covered. Furnaces of greater capacity th 
with a deep bath use, therefore, a lower percentage of 
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HoIvt‘(i in the batli and iht* dag. I*ur finn|>Icir tlwAidalion it is 
tlifreforc al>st)!uli‘ly nmsHar)’ that tiir slag finilain int iixule, 
and so it niusi alwa\'s ht* snow whitt*. 1‘his is {irtHlufod hy 
sprinkling a suitahk' rodnring agrnt on thr slag w}it*n it shows a 
dark color, and maintaining a neutral or reducing atmos|ilu‘rt‘. 
In the induction furnace line fernc^silicoii. abtHit |H’a si/.e, is 
used in this way, being athled fnnii time to time in small aniounts. 
In the arc furnace this ferro'Sihtini can be |>riKiuced frtim tlie 
slag if carbon is addetl. Which of the Uvtt mtilitids is the cheaper 
we will not investigate. 

If the slag keeps snow white then the tiieltrr takes p«>uri!ig 
tests and convinces himself id the coiidition of the steel, and if It 
does not yet^ pour c|iiietly, atids more pieces of ferro-silicoii to 
the bath until a further test gives a giH>d resttll, A completely 
deoxitiixed steel, melted w’ltli a wliite slag. iinHt |iour willioiil 
trouble. Alloys such as nickel, iniiiigaiieHe, cliroiniitfii, etc., 
can now be added. In the theoretical anioitrits, for no slagging 
of these atlditions can take place umler llte white slag covering. 
No preheating Is necessary, and iits«,> the rliea|ii-’r ferro alloys, 
high in carbon, can !a» ustxi In the inf,liiti,ii,in fiirnare for, tine 
to llie movement of the metal bath in this fiiriiare, It is lm|.M»Hsible 
for carbitles to remain unfli«iolv«l. 

In making a steel with low t.o average mangiinejie content it is 
the best to give first an ac.Iditiori of ferro-sliicon, after wlilrli the 
bath is covereil witli slag, llic final tleiixitliilioii can now lit! 
made with ferro-manganest*, spiegel, etc. After thk the slag evil! 
first darken, due to the manganem,? reacting with the oxlite of 
iron forming ^Mnt,), which enters the slag. Ai meiiiioiiwl al*t.»vr 
the first requirement for complete lieoxkktiwi i* that the slag 
be snow white. 'Fhe black slag prcxiiicixl miwl, therefore, be 


the electro-metallurgy of iron a 

amounts of manganese, and a final material 
percentage of manganese can be produced. 

Instead of ferro-manganese, manganese ( 
and in the induction furnace this ore is select 
ferro-silicon rather than with carbon, but in t 
the other hand the one would be reduced by- 
influence of the arc. It is not necessary to cons 
it is the cheaper to use ferro-manganese me 
furnace or to reduce manganese in the eled 
manganese ore. The remainder of the proc 
the same as that described under the productior 
manganese- 

If the material has to be harder, that is 
than the material charged, then after the first 
silicon before the slag is made, the necessary i 
is added to the bath. A small excess is given, 
size and the physical condition of the carbonizi 
for a part is burned as it is charged into th 
comes the slag formation, and it is well to take 
a quick color carbon determination to see wh< 
of the right hardness. The further process is 
used for the production of low manganese stee 
ture is held at such a degree that the small im] 
the reduction can separate readily and is gr; 
to the proper casting temperature. It must 
that the slag formation requires a certain ar 
also the solution of carbon, if any is added, 
bath. 

At the beginning of the deoxidation it is 
addition of ferro-silicon even when melting higt 
If carbon is added to the bath before the ferro- 
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hand it only inrreas-es the time of the o|H‘ratiori ami the work 
in the furnace. 

If tlie ordinary forging and |M>uring tests are favorable then 
the casting of the heat is proceeded with. Hit* slag alst.) Is 
poured into the casting ladle in ortler to protect the metal from 
the influence of the air in tlie first place, and secondly to prevent 
the slag sticking to the hearth of the empty furnace, and attack- 
ing the lining. Due to the total deoxidation the electric steel 
casts HO quietly that the atididon of aluminum to the stream 
tluring tamring is absolutely unnecessary, so that in this resiiect 
the t|iiality of the metal dia*s m.it suiler, C'asting Is carritnl out 
in just the same way as in plants making liigli c|uality sfia’ls. 

As a conclusion it may be mi*ntioned lliat ‘during this finishing 
process considerable desulphurkalion Is brought iilmut hy the 
silicon present, even wlien it Is not iniendeil, so that in this 
respect the after treatment of low carlion steel In this electric 
furnace means a rather considerable improvenieiit tn f|uality. 

If an atidition of ferrounanganesti for deoxidatioii has alreatly 
Iieen matle in the converter, o|M*n hearth, etc., then after fMmrlng 
into the electric fnrnat'e an easily fusible Ikisic slag alone has 
to lie made anti kept constantly white, tliat Is free from oxitle. 
Huh is brouglit about as menlloiied above by ferro-silicon in 
the imiuclion furnace or just as well by carlwm In the arc furimcc, 
where silictm is reduced from the slag hy the Inlluence of the 
arc. Hiis assumes that tlie steel |KHired into the electric furnutx* 
alreatly contains the necessary la^rcentage of silicon, but If thii 
i.H nt)i the cast* then iadore the ftirmatlon of the slag the corre- 
H|Mmcling iidtiition of ferrtj-Hilicon w given, Niitiinilly in this 
l.irtresH also tht*ri‘ is a lowering of the jiu!|ihiir of the charge, 
e%’en If such is not fntemled. 
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the after treatment in the electric furnace is to raise the quality 
either to that of open hearth or. the best crucible steel. The 
metallurgical process in the electric furnace must therefore im- 
prove the steel in regard to the following points: 

(1) Eliminate the phosphorus. 

( 2 ) Eieoxidize and desulphurize. 

( 3 ) Remove the gas and slag inclusions. 

( 4 ) Recarburize or alloy according to requirements. 

In regard to the removal of phosphorus and sulphur both 
elements cannot be removed from the bath in one operation, for 
the removal of the phosphorus takes place by an oxidizing or 
refining process, and that of the sulphur, on the other hand, by 
a reducing process: 

FeS -h CaO + C = Fe + CaS + C 0. 

These operations must, therefore, be carried out one after 
the other, and it is similar in principle whether the bath is de- 
sulphurized first and then dephosphorized, or, on the other hand, 
dephosphorized first and then desulphurized. Which of the 
two ways is the most suitable depends on the composition of 
the charge that is put into the electric furnace and on the kind 
of steel to be produced. 

If the metal as charged has had no additions so that it is 
not yet deoxidized, then it is best to dephosphorize first of all 
as the necessary conditions are present. The total removal of 
the phosphorus requires an overoxidation of the bath, so that 
the metal gives a seamy, that is a red short, forging test. When 
using a charge that is still oxidized therefore only a basic slag 
has to be charged to favor the soaking of the bath with oxygen, 
and at the same time give conditions so that the phosphoric 
acid formed is immediately combined with lime. The require- 
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is therefore unable to take phosphorus friHU the oi 
stone. 

If it is desired, on the other hand, to desulphurizt 
the hath must he hrst eompletely tleoxidi/.ed, and af 
moval of sulpluir the !)ath must In* oxidized again to i 
phosphorus. 'I'he whole inanipulatuHi of tlie tieoxtdii 
fore, gives no lasting result, and at the same lime only 
ore and limestone can lie ust‘d to form the retining sli 
prevent absorption of sulphur by the hath. 

On the other hand if the cliarge has alreatly had i\ 
of ferro-manganese in the converter, open hearth, etc. 
very soft steel has tt> l)e matle with the lowest |K)H: 
phorus and sulphur and aisi) practically free from si 
it is liest to desul{>huri/.e first. In this way one can 
a small amount of silicon, and the low silicon remaii 
hath is removed liuring deplmsphori/ing. Hie he. 
finished with the addition id ferromanganese, and i 
as in the o|H‘n hearth process, kee|ang tlie slag hack, 
it is necessary to use ore and lime free from sulphur 
the hath again taking up .sulphur during the suhst‘c.|i 
tions. I’he quality prcMlucetl is, however, only etfual 
gwHl o|H*n hearth not crucible steel. If sul|>luir- 
lime is not availaldc then it is well to use raw lirne^ 
sulphur is low enough. A|>a.ri from this ami some ol 
.•ases the charge, prerefinwl and then lamred into \ 
furnace, will always lie ilephos|ihorked first whether 
adtiitions have been already gK‘en in the |>rellrnmi 
or not. I'liiH h done heraustu (t) With tlesiilphu 
the silicon used is again reniovet! tktring the tlephc 
Hierefore the simount of ferro -silit-tm used Is unnce 
creaHt*d; (2) tlie total deo.xidiitioii, which is neims 

....I..!...-!.. 1... ......I.,. .... ...... 1... 
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they only fuse together with difficulty, that is, the formatio 
of the slag takes too long and the time of the heat is increasec 
On the other hand there is no limit to the fineness of the materia 
so that, for example, unbriquetted concentrates can be use( 
The burnt lime is best broken up just before charging, for i 
quickly takes up moisture and carbon-dioxide from the air. 

The amount of slag necessary is proportionally small, espe 
cially if dephosphorization has already taken place to som 
extent, for instance, to 0.1%. The bath need not be well covere^ 
by the slag, although dephosphorization naturally takes plac 
more quickly if the slag covering is not too small. On the othe 
hand it is well not to unnecessarily increase the amount of slaj 
so as to avoid loss of heat. In the induction furnace, work ii 
a high manganese charge, that is one already deoxidized in th 
first furnace, it is well to make a slag with 1% ore and 2% lim 
of the weight of the charge. If the forging test shows that th' 
bath has the right percentage of phosphorus, then the slag i 
drawn off, and the last traces removed by means of fresh lim< 
thrown over the bath. This thickens the remainder of the slaj 
so that it can be easily removed. 

If a high phosphorus charge is to be worked, then it is wel 
not to charge the whole amount of slag necessary at one time for 
as mentioned before, it is not recommended to work with to< 
large a slag volume in the electric furnace. In this case it ii 
better to charge the ordinary small amount of slag, remove i 
when completely used up, and then form a new slag of the sami 
weight. This should be repeated as required. Such a cas( 
can happen in practise if the electric furnace charge is taker 
from a heated prerefining furnace, such as a Wellman-Talbo 
furnace, in which by exceeding the capacity a material is producec 
that is high in phosphorus. 
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for, in this way, the radiation loss incrcast^s and the ctli 
of the furnace drops. I'hese are im|H)rtant iwints fur t 
signers of tire furnace, namely, to make the hearth the rig 
and sha|)e to properly meet the conditions, and in this i 
experience obtained with o|>itn hearth furnaces will he va' 
If a lugh phosphorus charge is Wi^rked, with st*%*eral r 
slags, then the first slag is very low in iron but higli in tin 
phosphoric acid. I'hese slags art' of stmie vahu* in agrtt 
as low phosphate slags, so that they neetl not !)e thrown 
The succeeding slags, however, are rich in tixhle of iron ai 
in phosphorus, and can be used as a first slag ftir sub.s< 
heats anti so be used mt>re ctnnpletely. If the fluxes ar 
to exhaustion then the ctmsuiiiplion of ore and lime, in ref 
to the tinished material. Is consitieriibly reduced. 

1'Iie bath can miw be tietixidi/.ed, carburiml, and 
phurized. llu* removal t»t’ tlie oxygen iiml sulpluir takeji 
together, the first by means of ferro .Hfllron, carlMm, or 
manganese defHiitling on the ktiitl of iiiaterlal to be meltei 
latter by the adtlllhm t*f ferro- stiictin anti In tiie arc fiirm 
silicon or calcium retiuceil frtiin the slag liy carlKni imtl 
influence of the arc. 

First an addition «»f ferro“slli-aiti Is made that can ii 
more in ammiiit tliitii Is tieressary for clwxiclatlon alone b 
of the deHulphuri/iitioii ailwi taking place. In general the 
tion is exactly llie same as in the previoui m 

namely: “lln* protlitrlioii of i'lrdric ftirniice miileritl 
previously refnicx! inelal wtili loi%» plios|iliiirtis and. siilph 

It may be menlioin*d lital tiiiigsirii hits simihif ile«iil|; 
ing pro|>c*rties to siiiron, so tliiit liifigslen htmti ciiii al» lie 
extremely low in stilptiiir. 

A iHMTiliiir iiliriiiiimmoii miist lie intnlioiieci whki 
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not kept sufficiently free from metal, then the steel casts v 
badly, even though it may contain several tenths per cent 
silicon, the forging tests will show the properties of an oxidi 
material. The causes for this phenomenon are not at pres 
very clear, but it appears probable that at high temperature 
part of the silicon occurs dissolved in the metal as a suboxi 
probably with the formula SiO. Because of the similai 
between silicon and carbon the possibility of an alloy of iron t 
silicon-suboxide can be thought of, for, as mentioned before, i 
existence of an alloy of iron with carbon-monoxide is probal 

THE METALLURGICAL COURSE OF AN ELECTRIC FURNACE 

CHARGE 

The course of the metallurgical reactions in the Hero 
and the Rochling-Rodenhauser furnace is given in the t 
accompanying diagrams (page 409). The curves for the- H 
oult furnace were pubh'shed by Thallner in No. 5, 1909, 
Kohle und Erz, and are taken from a heat in a 3- ton furna 
while the diagram of the Rochling-Rodenhauser furnace is tali 
from an ordinary heat made at Volklingen in an 8-ton sin^ 
phase furnace built up to take 5 to 6 tons. 

From a comparison of the two diagrams it is seen first tl 
the time of heat in the H6roult was twenty minutes longer th 
in the Rdchling-Rodenhauser furnace, notwithstanding that t 
former was only worked with a 3-ton heat, while the latter hac 
tons. 

Also, the material made in the Rochling-Rodenhauser is 
least just as pure as that produced in the H6roult, notwithstar 
ing that a much more impure charge was worked in the form 
The oxidation period is distinguished, in the RdchKng-Rod( 
hauser furnace, especially at the beginning, by an extraordinar 
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tlu* first hour iu tlu* Rorhliiig RcHiviihaiisrr iuriuu o, while 
Heroult fumaee in tin* sanu* tiiiu* it is only lowrrni from t 
is o. . 

I'Vom this it folhnvs that the Roi'hlini^' Roileiiliauser f 
must Ik* considered as a good oxitli/ing furnace, rhe lo 
of the {ihosphorus content i»f the stag, wliit'h is lo lie t 
during the oxidation iierioil willi ImUIi fiiritat'es. h due 
slag tielng diiutetl from time to time by the addition of rot 

I’he removal of suijihur tlurtng the oxiilatioii |K’riod i 
lively imim|K>rtant with both furnaces, and only afti 
rt‘earburi/.atton, or after the formation of tin* final slag. <h 
real desulphiiri/.athm liegin. During this ihtIimI the s 
is lowered in the Heroult furmiee from 0.07 to o.ot/'^, 
in the Rbcitliiig Ro<letiliausc*r a «les«l|iliuri/ailioii from 
to tra«'es i.s bnnight about, ‘riial the aliility of the slag 
Riichling Rmlriihaiiser I’lirnace to absorb is at 

as great as that in the Hertnilt furiiiice is sreii frtirw the s 
eonteiit of the '»lag. which is tti the first case, iiti 

aliout (hotff in the latter as shown by the ciirves, Ute iir 
of slug- making const It iteiits ystHl in Imtli cases are shown 
diagrams, so that all the delailH of the refining ii|»erati 
given tliJti are of iiitereHl. 

THE SraclAL QUALITIES OP ELECTRIC IlOlf AMB ST) 

As alreatly siii»wm any itialiTial from the niiltlest 
hiirtles! t|ttalily Ik* miitle in the eiertrtc fwrtiiice. I 
furmu'e titalerial Is iitHtiiigtiislic»d by its frretloiit frtim g. 
slag liicltiHioiiH, and can e‘.*iHtly Ik* protliiriKl wdtii %wy lov 
gariesi* ami romfiletely free from ptioj4|>liciriiii iiiifl aitlphi 
m soft anti forgeable m the Swedisili 'fliw low 

electric iteel ciiri easily lie ailoyed, for iiistaiici! with illk 
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and deep drawn work, deep stamping, etc., for everything 
value is put on good malleability; also for the productii 
chains, the making of tools, etc., and further in those 
where especially soft open hearth qualities from Sweden mi 
used, such as seamless tubes, horseshoe nails, etc. On ac( 
of its purity this low carbon electric steel is much less inc 
towards segregation than ordinary low carbon steel, and oi 
account should be particularly used where the highest rec 
ments of absolute certainty against brittleness are necessa 

In the electric furnace construction steels of any degr 
hardness can be produced, of any desired physical proper tie; 
chemical analysis, also alloyed with chromium and nickel \ 
it is a question of meeting the highest specifications. 1 
steels at present must be made in the crucible. 

With the large heats ^ possible in the electric furnace a 
tainty of absolutely uniform composition is guaranteed fo 
finished steel, such as is suitable for the production of 
forgings low in manganese. The electric furnace materia' 
be easily hardened, and on account of its homogeneity 
freedom from slag is an excellent material in such cases v 
the surface must be dense* and highly polished and sho^ 
cracks, such as running taps, etc. In general Plates 3 a 
show what high requirements are in every way satisfied by 
trie steel. 

FINAL CONSIDERATIONS 

For the smelting of ore the electric hearth as well as 
shaft furnace is to be considered, and in each particular a 
must be carefully decided which type of furnace has the ad 
tage. If very finely divided ores, high in sulphur, are to be wc 
up into steel by means of small sized reducing material, the] 
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made in the kind of metal produced, the making of valueless 
transition products is avoided. On the other hand, if coarse 
low sulphur lump ore and fuel are available, then the induction 
shaft furnace should be chosen, especially if the same quality of 
metal is always to be made, and the reducing material is high in 
price. 

The electro- thermal smelting of iron ores can naturally only be 
considered economically when the saving of coke, etc., compared 
with the ordinary blast furnace operation is greater than the ex- 
pense of the necessary electric power, so that it is dependent on 
the local prices of coke, etc., on the one hand, and electric energy 
on the other] Electric ore smelting will, however, be favored 
when one considers that considerably less capital is necessary 
for the plant than for the building of an ordinary blast furnace 
plant with the same output. Also the depreciation, etc., per 
metric ton of iron produced, are considerably lower than with 
the ordinary blast furnace. 

It must be further remembered that the quality of electric 
pig iron is higher than charcoal pig iron, and' therefore it should 
command a higher selling price than the best charcoal iron. For 
steel making an iron can be readily made low in sihcon, which 
only needs removal of carbon to inal:e steel and forgeable metal. 
If this refining is otnied out in the diectric furnace, then it has 
to compete with the open hearth furnace. Recently Engelhardt 
at the meeting of the - Verdn deutscher Ingenieure,” in Berlin, 
made an interesting comparison between the open hearth furnace 
on the one hand, and different types of electric hearth furnaces 
on the other, namely the Heroult, the Girod, and the Induction 
furnaces. 

For medium furnace sizes with these three types the produc- 
tion per h.p. day, with a cold charge, is taken as 20 kg. Cer- 
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course, there is not any. The consumption per metric toj 
steel is therefore: 

With the Heroult furnace 880 kw. hrs. + 28 kg electrode 
With the Girod furnace 880 kw. hrs. + 17 kg. electrode 
With the Induction furnace 880 kw. hrs. + o kg. electrode, 
In the following table the results of calculations are give] 
show how much the kw. hr. ought to cost in order that 
electric furnace may compete economically with the open hej 
furnace using a certain amount of coal per ton at a certain pi 
The electrodes are taken at 26 marks per 100 kg. ($61.90 
metric ton): 


OPEN HEARTH FURNACE 

MAXIMUM COST PER KW. HR. IN CENTS WIT 

Coal 

Price 

Cost of coal 




consumption 
by weight 

of coal per 
metric ton 

per metric ton 
output 

Girod 

Heroult 

Induct! 

25% 

13-57 

$0.89 • 

minus 

minus 



4.76 

1. 19 

0.0143 

tt 

0.133 


5-95 

1.48 

0 . 0476 

It 

0. 169 


7.14 

1.78 

0.0833 

0 . 0048 

0.202 

30% 

3-57 

1.07 


minus 

0 . I 2 I 


4.76 

1.42 

0.0428 

tt 

0. 161 


5-95 

1.78 

0.0833 

00 

8 

d 

0.202 


7-14 

2.14 

0.1238 

0.0452 

0.242 

. 35 % 

3-57 

1.25 

0.0214 

minus 

0.140 


4.76 

1.66 



0.188 


5-95 

2.08 

0.1166 

0.0381 

0.235 


7.14 

2.50 

0.1642 

0.0857 

0.283 

40% 

3-57 

1.42 

. 0.0428 

minus 

0. 161 


4.76 

1.90 

0.0952 

0.0190 

0.214 


5-95 

2.38 

0.1500 

O.O714 



7.14 

2.85 

0.2047 

0.1261 

0.323 


Tt mncf La T-V ^ 4- 


Jf 
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PLATE 11 

Single Tube test piece from Plate I. 
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($33.33), then there is a surplus per ton of 7 marks ($1.66), w 
with a power consumption of 880 kw. hrs. per ton makes ali 
0.2 cents that the price of power may be increased over the v 
given in the table. It may be further mentioned that 
electrode consumption figures taken by Engelhardt ap’ 
somewhat too high, in view of the most recent figures give 
Part I of this book, which vary from 10 to 15 kg. per m( 
ton of soh'd charge. 

Therefore the table (on page 304) may be referred 
where the electrode consumption, however, is not considi 
at all; and where the heating costs alone are compared, on 
one hand with the use of fuel and on the other with electric 
This table, therefore, gives results similar to those in the t 
on the preceding page for induction furnaces, with whic' 
agrees exactly. 

The result of all this is that the electric furnace will not < 
play an important r6le in the future, but that it is alreac 
factor which each iron and steel plant must now carefully ( 
sider. 
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Cos V’ influence of the power factor, 55, 58, 64 
Cost of the auxiliary apparatus, 315 

comparative, ordinary blast and electric pig-iron, 316, 442 
of depreciation, 314 
of desulphurizing, 323 
of electric pig-iron furnace installation, 255 
of the electrodes, 315 
installation of Girod furnace, 160 
of Heroult furnace, 147 
of Rochling-Rodenhauser furnace, 239 
Crawford, 383-403 
Creuzot, induction furnace of, 261 

Crucible furnace, heating with costs compared to electric, 30(1 
Current density of electrodes (general), 82 
Girod furnace, 1 59 
Heroult furnace, 139 
Stassano furnace, 117 
Currents permitted in wires and cables, 29 
Cylinder winding, 181 

Davy’s experiment, 3 
Delta connection, 63 
Deoxidation, 428, 429 
Depreciation, 314 
Desulphurizing, cost of, 323 
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I'xonoinical consulerations, 287 -,^* >7 

Hconojuy of the fUniru^ shaft fhi^-irojj fiiru.ici*, 250 

fukly t'urrentsi, 59 

Efficiency, arc furtia«’t‘s, itJtlm*iu-e of tfu* rlcctiotif l ojeaii 
of curfjon ekH'tr<Kies, K4 
electric (genera! f, 72 
Ciirml, furnace, 157 
If{‘roult furnat‘e, 142 
Ivjellin furna«'e, 104, 20.1 
R. & R. furnace, 231 
St awano furnace, ui 
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graphitt' elect ri«!e», W4 
shaft furnaccH, electric, 241 
thenual, (uokI lurtiace, if»2 
Herouli furnace, i4t» 

R. & Rc furnace, 249 
Stahsimt furnace, 124 
tthal, ( or«M! lurnace, it»o 
{E'mult, furnace, 140 
KjeUisi futatace, Jo" 

R. & R. furnace, 247 

IClectric comlifiotw of a furnac'c, 153 

of a Herotilt furnace, EI4 
of a KJellitt furtt.ice, 194 
of a Rik'ftlittg-Riitkiihiiiwr furnace, J37 
of a Sta«nio furnace, I 3 i 
ftirnace, deinawb of an ideal, We- 74 
furnaces, advantagen of, 74, 4*y, 42H 

pig-iron, rharacterisitirs of, 44S 
jKiwer, vmt t>f, 4t i 

«lw‘l, high quality rliararteriatirs of, 4J7 
steel prixlncfioii in princi|i.i} coniii rie»i, 407 
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Electrode losses, with Girod furnace, 159 
with H6roult furnace, 135-136 
with the Stassano furnace, 118 
of pole plates R. & R. furnace, 228 
pole plate consumption with Rochling-Rodenhauser fr 
pole plates, with R. & R. furnace, 214 
regulation, general, 102 
Girod furnace, 156 
H^roult furnace, 13 1 
Stassano furnace, 120 
Electrodes, for arc furnaces, 80-102, 168 
consuming, the, 89 
with Stassano furnace, 1 17-124 ’ 

Electro-metallurgy of iron, 335 
Electro-metals shaft furnace, 243, 326, 339 
Elliott, 416, 420 

Energy regulation of the Girod furnace, 157 
of the H6roult furnace, 131 
of the Kjellin furnace, 201 
of the R. & R. furnace, 230 
of the Stassano furnace, 117, 120, 122 
Expan^on of the refractories, 294 

Ferranti, de, furnace, 181-182 
Ferro alloys, 408-410 
Ferro-chromium, 408-410 
Ferro-manganese, 408, 410, 412 
Ferro-silicon, 408-410 

required for desulphurizing, 333 
Fluor-spar, 411 

Flux, to lower melting point of refractories, 298 
Fluxes, 312 
Foucault currents, 59 
Frequency, 47, 48, 50 

with what, shall the electric furnace operate, 70 
Frick furnace, 185 

and Kjellin furnaces, differences, 186 
Furnace, at Allevard, 257 
refractories, 292-299 
size attainable with Girod type, 159 

wirb T44rnii1l- rvnp TAfi 



INDEX 


ino 

( iin, resiatance furtuice of, 2H 

aritlunetit'al fxainplt* of, 2H"2<) 
i itrod furnace, the, 140 

action of the heat, 154 

advantages of, !(>4 

applieahility, 15^ 

anangenieut, 140 

arrangement of elect oh les, 140 

attainable si/r, J50 

('irculatitni in the bath, 157 

cmnparifitm with an ideal fnm.uf, 150 

rc»«t of a furnace, ita 

crucible, 34 

current deuhity in the elect on les, 159 
electrical comlitions with, 152 
clectru'al efiiriency, 157 
cleetrewle cross-sect km, 15‘t 
loHses, t5«) 

clerlrtsleH emtHume*!, i(»-» 
historiciil, 14P 

inihience of iKdtom eleii rtMlcs, 154" t.sH 
influenee of the earlioii electrtKies, tf'»o 
installations, it»t 104, jpi 
kiiul of current UHcd, 15.4 
liceiuies, giving, i<>4 
o|«‘ratkm, 152 
|K»wer fluctuatiotts, 156 
|K>w*er tiserl, 157 15K 
refractories, 150 
regulating energy of, 157 
thermal efficiency, ibi 
the tilting, 150 157 
total efficiency, if«> 
o|jerating cost, ^jo 

<ir;t|)hite and carlsm electrmles, r«nif».irwm tsiweeii, uteaiH 
ekrtrmtes, eflicicncy of, K4 
heat comUiclivity and siriadfk resiiitance, t|t» 
tiray, J. 1L» m 
< »reaves*Mtchelb ftirnare, Mi$ 
iirbnwall arc fyrna«-e for steid, 3<»4 
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Hearth arrangement of the Girod furnace 157 
of the H6roult furnace, 143 
of the Kjellin furnace, 204 
of the R. & R. furnace, 23 r 
of the Stassano, 109, 122 
bottom with the Kjellin furnace, 19 1 
with the R. & R. furnace, 217 
with the Stassano furnace, 114 
form and life of refractories, 299 
Heat action, 26-35 
balance, 345 

conductivity of carbon, 91 
, of graphite, 91 
losses, 86-87 

quantities, relations electrical and mechanical, 24-25 
required for ore reduction, 332, 339 
Heating costs, comparison of blast and electric pig-iron furnace, 3 
of crucible and electric, 306 
of open hearth and electric, 304, 442 
influence present with arc furnaces, 38 

with electric furnaces in general, 73 
with induction furnaces, 188 
with the Girod furnace, 154 
with the H6roult furnace, 13 1 
with the Kjellin furnace, 199 
with the R. & R. furnace, 213 
with the Stassano furnace, 112, 119 
the H6roult furnace, 138 
the Kjellin furnace, 192 
the RQchling-Rodenhauser furnace, 222 
the Stassano furnace, 119 
Helberger crucible furnace, 35 
HerS-us laboratory furnace, 34 
H6roult furnace, 125 

action of the heat, 131 
advantages of, 147 
applicability of, 144 
arc length of, 133 
arrangement of elecrodcs, 129 
attainable size, 144, 146 
circulation in the bath, 144 
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flertnik furnace, clccfTmlc cross- sfct ion, hwscs, 135-136 
fk‘ctr<Mk‘8 con»titiH?tl, 137, 145, 32-? 
historical, i-’5 1,^7 
influence of carlHin electrwles, 14I 
installations, uH, 2t)i 
kind of current tisinl, 145 
licensi's, Kiving, 14H 
ojHjraling cost of 1 5-ton, 145 
0{H‘ration of, 138 
|K)wer fluctuatiotiH, i.p 
jjower uml, 136, it3c)--i4o 
n*|5ulatinK of energy, I3«», i,!* 
refractories and 146, 313 
thermal efficiettcy, I4t> 
the tilting, 142 
total eflirieimy, 140 
iliroth furnaee, 254 
llbtorical in general, I -to 
of the (ii«Kl furnace, 141.) 
of the Ueroult furnace, 125. -’43 
(jf the Kjellin furnact*, iHo 
of thi* Kik-h!ing4<»Mlenh.m.Ner fiiriiace, 
t>f the St.iHS,Hio furnace, tio 
Howe, critk*intt» of, 3tx>, 301 
I lysteresis l<»te«*H, fk> 

Itleal eliM'tric funwee, «Hii|!>ar«l to a C'llrtwl fiirnacc, Igfi 
to a Heroult furnace, 130 
to a KjeUtn furnace, Joi 
to a H. St R. furnace, 228 
ton Htassimo furnace, lao 
deriiatids i»f, f»5-73 

ImptirittcM in the charge, getting rid of, 74 
in iron, 4 ik> 
inthicetl current, tjt* 

K. M. F. and it»si<se, 17*1 
Ittductbn, 4‘t 

furnaces, combintHl, iM« 
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Installation at Bonn (Stassano), 117 
at Chicago (Heroult), 136 
at Dommeldingen (Rochling-Rodenhauser), 21 1 
at Essen (Frick), i86 
at Essen (Kjellin), 207 
at Friedenshiitte (Nathusius), 260 
at Gysinge (Kjellin), 199 
at La Praz (Heroult), 128 
at Remscheid (Heroult), 129 
at Ugine (Girod), 164 
Volklingen (Rochling-Rodenhauser), 226 
•Installations, statistics of electric steel furnace, 291 
Instantaneous values, 48-50 

Iron, gray, avoidance bad heats in electric furnace, 415 
ore, 410 

reduction from iron pyrites, 340 
resistance of cold, 14 
of molten, 15 

Joule's law, 23 
Joule losses, 81 

Keller, arc furnace, 258 
pig-iron furnace, 242 
Kirchhoff's law, 19 
Kjellin furnace, 9, 189 

action of the heat, 199 

advantages of, 204 

applicability of, 204 

attainable size, 206-207 

circulation in the bath, 204 

cooling of parts, 191-192 

comparison with an ideal furnace, 201 

current fluctuations, 190, 193, 201, 202 

electrical conditions, 194, 195 

electrical efficiency, 198, 203 

frequency, lowering of, ig6 

historical, 189 

installations of, 291 

licenses, giving, for, 208 

operation of, 192, 200 

oinch effect. 206 
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Kjellin furnace, tilting type, 192, 203 
total efficiency, 207-208 
transformer of, 189 

and Frick furnaces, the differences, 186 
Labor, 312 

Laboratory furnace of Borchers, 33 
of Heraus, 34 

Latent heat of fusion of pig-iron, 339 
of slag, 339 

Laval, de, electric furnace of, 7 
Licenses, giving, for Girod furnaces, 163 
for Heroult furnaces, 148 
for Kjellin furnaces, 208 
for R, & R. furnaces, 240 
for Stassano furnaces, 124 
Lime, 410 

Dinas bricks, 295 
Line diagram, 47 
Lining, preventing attack, 426 
Loss, melting, 302 
Ludlum electric furnace, 284 
Lyon furnace, 369 

Magnesite, 297 
bricks, 297 

Magnet, action between, and electric conductor, 40 
Magnets, action of two on each other, 40 
Magnetic lines of force, direction of, 41 

field of, cut by a conductor, 42 
of a. coil, 43 
Magnetizing currents, 40 
Malleable iron castings, 415, 416, 420 
Manganese, absence of loss in electric furnace, 413 
ferro, less needed for deoxidation if liquid, 408 
Material charged, 301 

for furnace construction, 291 
Maximum values, 48 

Medal for Colby; his induction furnace, 182 

Melting pig-iron, 413 

Mixer, electric furnace as a, 422' 
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Power, factor, arithmetical example, 56 
influence of the, 194 

with Kjellin furnaces, influence of charge on, 194 
fluctuations, influence of, 71 
with the Girod furnace, 156 
with the Heroult furnace, 13 1 
with the Kjellin furnace, 193 
with the Rochling-Rodenhauser furnace, 117, 225 
with the Stassano furnace, 120 
generating cheap, 68, 287 
table for, 24-25 
three-phase circuit, 63-64 
used and its influences, 244 

with the electric pig-iron furnace, 255 
with the Girod furnace, 158 
with the Heroult furnace, 138 
with the Kjellin furnace, 208 
with the R. & R. furnace, 239 
with the Stassano furnace, 124 

Quality characteristics of electric iron and electric steel, 427, 438] 
of the steel, influence of the furnace type on, 305 
steel, making it in the electric furnace, 395, 427 
Quartz, 294 
Quartzite, 294 

Quick melting, advantages of^ 208, 308 
Radiating furnaces, 79 

Reasons, economical, for introduction of electric furnace, 427 
Refining of pig-iron, 423 
Refractories, cost of the, 301 
of the Girod furnace, 150 
of the Heroult furnace, 143, 323 
of the Kjellin furnace, 19 1 • 
of the R. & R. furnace, 212, 217, 224 
of the Stassano furnace, 114, 119 
Refractory, durability, and hearth form, 298 
material is called, when, 293 
materials, 292, 299 
mixtures, 296 

Regulating or auto-transformer, 230 



INDEX 


457 


nace, circulation of the bath, 171 

»arison with ideal furnace, 168-172 

of a furnace and parts, 171, 173 

nt density in the electrodes, 169-170 

rical conditions with, 167 

deal efficiency, 171 

rode cross-section, 168 

losses, I VO 

rodes consumed, 172 

deal, 165, 175 

mittent operation, 17 1 

of current used, 168, 169 

ses, 175 

ation, 168 

ar fluctuation, 167, 170 

er used, 168, 169, 172, 173 

ictories, 164, 168, 171, 172 

lating energy of, 167, 170, 173 

mal efficiency, 172 

ig, 17 1 

pparent, 54 

iuctor, II 

a, specific, 91 

n graphite and carbon electrodes, 94-95 
itc, specific, 91 
characteristics, 31-32 
ct and indirect, 25-32 
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W., 235, 272, 273, 301, 318, 345 

nace, 1 12-122 
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denhauser furnace, 213 
rantages of, 209-210, 226 
flicability of, 235 
ainable size, 237 
:ulation in the bath, 231 
nparisoii with ideal furnace, 228 
fling of parts, 215, 216, 228 
it of a furnace, 239 
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Rochling-Rodenhauser furnace, operation of and cost, 324 
ore smelting in, 339 
power fluctuations, 225 
power used, 239 

refractories and roof, 217, 222, 234 
regulation of energy, 43, 230 
scrap melting in, 221, 224, 236, 239 
secondary circuit, 217, 221, 228 
shut down over Sunday, 225 
slag, absence of, in channels, 212, 223 
thermal efficiency, 239 
tilting type, 213, 231 
total efficiency, 237-239 
transformer of, 213 

Roof, life of, with arc and induction furnaces, 314 
with Girod furnace, 320 
with Heroult furnace, 144, 323 
with Rochling-Rodenhauser furnace, 333 
with Stassano furnace, 117 

Seger cones, 292 
Series connection, 18-24 
Shaft furnace, electric, 241-255 

economy of, 254, 310, 382 
efficiency, 254, 318, 319 
electrodes consumed, 250, 317, 319, 382 
kind and quantity of carbon on, 255 
power consumption, 319, 384 
of Gronwall, Lindblad and Stalhane, 247, 361, 381 
of Heroult, 243, 354 
of Keller, 241-242 
of Lyon, 373 
of Stassano, 241 
Silicon, 406 

carbide bricks, 172, 295, 322 
Snyder furnace, 269 
Specific heat, 339 
Star connection, 62 
Stassano furnace, iro-124 

action of the heat, 118 
■ advantages of, 12 1 


.0 furnace, cost of a furnace, 124 
current density in electrodes, 117, 118, 1 22 
current fluctuations, 117, 120 
electric conditions, 12 1 
electrical efficiency, 12 1 
electrode cross-section, 117 
losses, 1 18 

electrodes consumed, 124, 319 

energy regulation, 120 

hearth furnace, 12 1 

historical, iio 

installations, 117, 291 

kind of current used, 12 1 

licenses given, 124 

operation of, 116, 117 

operation cost, 124 

ore smelting, 335 

power used, 124 

power fluctuations, 120 

refractories and roof, 1 14, 1 19 

regulating of energy, 117, 120, 122 

rotating, 112 

shaft, or pig-iron furnace, iio, 241. 335 
thermal efficlenc}'-, 124 
tilting, 12 1 
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and steel, 307 

ad, non-expert handling, 436 
castings, electric, 122, 291 
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:, electric furnace of, 8, 26 
‘ature coefficient, 14, 15 
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ues, instantaneous, 48-50 
ladium, 409 
tor diagram, 51 
y refractory, 293 
t, unit of electrical pressure, 12 
n Baur, 166, 175, 183, 217, 440 
furnace, 279 
advantages of, 280 
arrangement of electrodes, 280 
attainable size, 282 
hearth of, 280 
refractories, 280 
shape, 280 
tilting, 281 

ter cooling, influence of, 75 
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